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UTILIZATION OF WHOLE ASPEN TREE MATERIAL AS A 
RUMINANT FEED COMPONENT 
Abstract 
MAHENDRA SINGH 
Under the supervision of Professor L. D. Kamstra 
A series of three separate experiments were conducted 
to determine the value of aspen tree (Populus tremuloides 
Michx. ) as a ruminant feed component in growing, finishing 
and wintering rations. The entire tree, including the 
· 
branches, leaves and bark, was fed to Hereford steers and 
commercial bred stock cows. 
I n  experiment 1, sixty steers were randomly allotted 
to six treatments of ten each. The six treatment rations 
were: 93% alfalfa as control, 12% aspen, 24% aspen, J6% 
aspen, 48% aspen and 48% aspen (with 4% sodium hydroxide). 
Soybean meal was included in aspen rations in a ratio of 
40% soybean meal to 60% aspen. Aspen and soybean meal 
combinations then were used to replace 20%, 40%, 60% and 
80% of the alfalfa in the control. All rations were 
pelleted and fed ad libitum. Aspen soybean rations 
resulted in significantly higher weight gains (except 12% 
aspen level) and feed efficiency as compared to alfalfa 
control. TDN was significantly higher for 36% and 48% 
aspen-soybean rations. Animals graded from standard to 
good and no differences were observed in tenderness, flavor 
or juiciness. Aspen steaks from both the growing and 
finishing phase were rated quite similar by taste panel, 
both being acceptable with no off flavor. 
I n  experiment 2, sixty steers were randomly allotted 
to six different treatments (10 steers per treatment). 
The six treatments were: 93% alfalfa, concentrate, con­
centrate with 15% alfalfa, concentrate with 15% aspen, 48% 
aspen-32% soybean meal, and 48% aspen-16% soybean meal 
with 16% chicken manure. Ninety-three percent alfalfa 
served as control for 48% aspen rations (treatments 5 and 6) 
while an all concentrate ration (treatment 2) served as 
control for roughage containing high concentrate rations 
(treatments 3 and 4). Animals were fed ad libitum to a 
constant weight of about 500 kg. Treatments 1 and 5 were 
similar to corresponding treatments in experiment 1, except 
the rations were fed in the meal form in experiment 2. 
Roughage addition or type of roughage did not affect the 
animal performance or appreciably alter the carcass 
characteristics of concentrate-fed animals. Feedlot per­
formance was poorer for chicken manure-fed animals as 
compared to those fed the alfalfa ration in experiment 2. 
Steaks from animals fed the 48% aspen-soybean meal ration 
had lower cooking losses and were more tender (P<. 05) than 
those from animals fed alfalfa. 
In experiment 3, two hundred one pregnant cows were 
used to demonstrate the use of aspen as a component of 
wintering rations. Sixty-seven animals each were fed 
mixed grass hay as control, an aspen-alfalfa pellet (60:40) 
and an aspen silage (88.5% aspen wood) . Rations were 
maintained at approximately 7 percent crude protein. 
Animals received an additional protein supplementation 
during the last one-third of the gestation period. Animals 
lost condition (0.2 to 0.7 score units) on all the rations. 
However, the loss in condition was significantly higher on 
wood rations. By the end of the trial, the cows had lost 
7.4%, 8.8% and 11% of their initial weight on the hay, 
pellet and wood silage rations, respectively. Normal 
healthy calves were born in each group with no difference 
in birth weights or weaning weights between animals fed 
wood or hay. Aspen wood feeding did not increase the number 
of open cows the following breeding season. 
I t  would appear that aspen wood could serve as a 
major component in growing and wintering rations and as 
the roughage component of finishing rations. Aspen must 
be properly supplemented to correct nutrient deficiencies 
such as protein, vitamin A and phosphorus. The economic 
importance of utilizing aspen as a ruminant feed component 
will depend on several factors especially, the cost of 
traditional roughages. 
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INTRODUCTION 
When traditional roughages are in short supply or 
high in price, other fibrous feed sources for ruminants 
should be considered if available at a competitive price. 
One such fibrous material shown to have potential as a 
ruminant feed is the aspen tree (Populus tremuloides 
Michx.) because of its low lignification (encrustation of 
fibers) and lack of known toxic constituents. Ruminant 
animals, like cattle, can digest and utilize complex 
carbohydrates such as cellulose. The microorganisms 
present in their digestive system have the capability of 
digesting cellulose and hemicellulose, the cell wall car­
bohydrates of wood fiber, and the end products are in turn 
used by the animal. Although aspen contains about 75% 
carbohydrates which can be used as a source of energy by 
ruminants, it is deficient in other nutrients such as 
protein, vitamin A and phosphorus. 
The aspen tree is the most widespread tree species 
in North America and estimates exceed six million acres 
of mature trees in an area which would include the Black 
Hills, the Great Lakes region fu�d the Rocky Mountain region. 
Since the tree responds to harvest by thirtyfold reproduc­
tion from the remaining stump and root, it becomes a highly 
renewable source of fiber. Periodic harvesting is not only 
necessary to assure an aspen stand but younger trees are 
2 
needed as a source of food for grouse, deer and other wild­
life. Although aspen serves as a source of fiber for 
paper, lumber, insulation and other industrial uses, it is 
presently not used for these purposes in the Black Hills 
region. In all regions where aspen grows whether or not 
it has other uses, substantial stands have reached 
maturity (60 to 70 years old) and will die without produc­
tion of replacement trees if harvesting programs are not 
initiated. South Dakota Department of Game, Fish and Parks 
is beginning such a program. In 1974, they were faced with 
the problem of utilization of harvested aspen trees. 
The primary objective of the experiments reported was 
to determine the level at which the harvested aspen 
material could be fed to ruminants if corrected for its 
known nutrient deficiencies. Other objectives include: 
1 ) to further explore the use of aspen as the roughage 
portirn of both growing and finishing rations; 2) to deter­
mine if chicken manure could partially replace soybean meal 
as a protein supplement in a ration having aspen as a major 
component; and J) to determine the use of aspen in 
wintering rations of pregnant stock cows and the effect on 
their subsequent breeding performance. Also the birth and 
weaning weights of calves were of interest. 
3 
REVIEW OF LITERATURE 
General 
Interest was expr€ssed at the turn of the century in 
Germany, in the possibility of using wood as a feedstuff. 
Beckman� (1915) compared the food value of wood and straw 
through chemical analysis. In analyzing different woods 
for nitrogen, f'at, starch and ash, he found their value to 
be much lower than the values he obtained from straw. The 
possibility of using the starch, oil, and, in some cases, 
the protein and glucose sto red in sap wood as a feed source 
was examined by Haberlandt in 1915. 
In  recent years the possibilities of utilizing wood and 
wood residues in ruminant diets have been reex&uined. Wood 
residues such as wood pulp and bark have been used as an 
energy source for ruminants during periods of critical 
feed shortages, but have never been generally recognized 
as alternatives for conventional feedstuffs under normal 
economic conditions (Scott et al. , 1969). Recently the 
feedstuffs have simulated interests in low cost feed substi­
tutes, particularly for animals kept at a maintenance level. 
In the United States about 50 million tons of wood and 
bark residues, containing upto 75 percent carbohydrates, 
are available annually as a potential energy source for 
ruminants ( Mellenberger et al. , 1970). These forest pro­
ducts can meet the livestock feeding industry's needs for 
the next 50 years (Anon. , 1974). 
Except for modest digestibility of a few hardwood 
species, the carbohydrates of whole wood and wood residues 
are essentially unavailable to the ruminant animal. The 
close molecular association between the major constituents 
of wood-cellulose, hemicellulose, and lignin, appears to 
limit bacterial and enzymatic access to the carbohydrates 
of the cell wall. 
4 
According to forestry terminology (1958), the hardwoods 
are defined as: "generally, one of the botanical group of 
trees that have broad leaves, in contrast to the conifers; 
also, wood produced by such trees regardless of texture-­
aspen, cottonwood, oak, elmwood, etc." While, the soft­
woods are defined as: "generally, one of the botanical 
group of trees that in most cases have needles or scale­
like leaves; the conifers; also, the wood produced by such 
trees--pine, spruce, fir, hemlock, etc. " 
The hardwoods with their lower lignin levels are more 
digestible as a class than are the softwoods. Even among 
hardwoods there is a considerable range of digestibility. 
Mellenberger et al.(1968) have reported a 30% in vitro 
digestion of aspen wood with 20. 5% lignin content. In 
contrast, oak wood with a lignin content of about 24 percent 
was digested only to the extent of 5 percent. Spruce wood 
was not digestible with a lignin content of 30%. 
Materials such as corn cobs and cottonseed hulls, which 
are high in lignin content, have been successfully used in 
beef and sheep rations. Rice hulls and flax chives have 
been used with varying degrees of success. 
.5 
The aspen tree is the most widespread hardwood tree 
species in North America and least utilized. The aspen bark 
contains 2. 2% crude protein and many vitamins (Enzmann 
. et al. , 1969) and is digestible without any treatment 
(Mellenberger et al. , 1971). The bark and wood are reported 
to be very palatable to cattle, sheep, goats and many zoo 
animals. The chemical composition of different types of 
aspen wood and bark differs, therefore, some variation in 
feeding results might be expected as the type of raw 
material changes. According to various studies, aspen 
appears to have a very good technical potential for feed 
as roughage in a concentrated feed and as an energy source 
in maintenance, growing and finishing rations. 
Although some untreated woods may be somewhat diges­
tible, steam treatment can modify the wood to provide 
greater digestibility levels on the same order as hay 
(Bender, 1970: Heany and Bender, 1970: Milligan, 1974). 
Poplar wood was changed into a feed equal in digestibility 
to medium quality hay by steaming it under high pressure 
for JO to 60 minutes and at temperatures ranging from 
1 49° C to 199° C (Heany and Bender, 1970) . 
Ghose and King (1973) compared the digestibility of 
medium quality alfalfa hay with that of jute (a ligno­
cellulose) . The organisms used were bacteria isolated from 
6 
rumen fluid. Holocellulose made from the hay and jute had 
similar digestibilities. Although the hay and jute have 
about the same lignin contents, the· hay has an average 
in vitro digestibility of 24 percent, and the jute an aver­
age digestibility of 3.5 percent. Thus, although lignin 
is an important digestion depressing factor (considering 
holocellulose), the location and perhaps the nature of the 
lignin bonding with the carbohydrate fraction are also 
important factors. The mild treatment of jute with 1% 
s odium hydroxide, however, raised the in vitro digestibil­
ity to 27%, about the same as that of alfalfa hay. 
Chemical Composition 
I n  general, wood and wood residues are extremely low 
in protein and carotene (vitamin A activity). They may 
contribute a small amount of mineral, although there is a 
substantial difference in the ash content of wood from 
different sources. Bark may contain a small amount of lipid 
material but the ether extract portion of the wood is very 
low. By far the greatest portion of these materials is 
composed of cellulose and related carbohydrates. Stephenson 
(1950) concluded that wood generally contains from 50 to 60 
percent cellulose, 20 to JO percent lignin, 10 to 20 percent 
pentosans, 0 to 7 percent mannans and some acetyl linkages 
(usually 0. 5 to 2. 0 percent acetic acid). 
? 
Goodrich et al . (1977) concluded that aspen bark is 
low in crude protein, TDN, phosphorus, potassium and 
carotene. Enzmann et al. (1969) analyzed poplar bark and 
found it to contain 2.2% crude protein, 53.7% crude fiber, 
73. 0% cell wall constituents, 59. 1% acid detergent fiber 
and 13,9% lignin. 
Berzines (1966) in summarizing chemical. composition 
data for some hard (poplar and birch) and soft (spruce, 
pine, and hemlock) Canadian woods showed that the average 
values were: lignin 21. 2% and 28.5%; holocellulose 76. 4% 
and 69. 5%; pentosans 21. 8% and 8.6%; acetyl groups 3. 6% 
and 1.1%, respectively, for hard and soft woods. 
Studies by Virtanen and Nikkila (1946) , Virtanen and 
Hukki (1946), Hajny et al . (1951), and Lawton et al. (1951) 
imply that the lignin itself is not inhibitory but suggest 
the lignin is combined with holocellulose and the type of 
linkage inhibits fermentation of the holocellulose. ThA 
value of wood as a feed is thus almost totally dependent 
on the availability of the carbohydrate portion to the 
digestion of rumen microorganisms. 
Factors Affecting Digestibility 
Several factors may affect the digestibility of cellu­
lose in the wood. In a study of purified celluloses and 
cellulose from forage sources, Baker et al. (1959) showed 
that increased lignin content had the greatest influence on 
decreasing in vitro digestibility. In addition, the greater 
C 
the degree of cellulose crystallinity the lower the diges­
tibility. Baker and others also suggested that the extent 
to which the cellulose was polymerized might influence 
digestibility. In vitro digestibility of chemically 
8 
treated wood and wood pulp was inversely related to lignin 
content (Saarinen et al. , 1959; Feist et al. , 1970; Mertens 
et al. , 1971) .  The stage of maturity of the plant has a 
marked effect on availability and digestibility of the cell 
wall constituents of most forage plants. There is a general 
decrease in cell wall availability as the forages mature and 
is believed to be caused largely by increasing lignification 
which encrusts and protects the cell walls from bacterial 
attack. The digestibility of the hemicellulose constitu­
ents is also markedly influenced by stage of maturity. 
During the early growth period, digestibility of all the 
components is high but at later stages xylan and uronic 
acids are relatively indigestible. Xylan may be involved 
in chemical bonding between lignin and wood carbohydrates 
(Balker, 1963). This could explain the depression in 
digestibility of xylans as the plant matures. 
The availability of both the cellulose and hemicellu­
lose in untreated wood sawdust is low and for conifers such 
as lodgepine and balsam fir is almost zero. 
The type of ration to which wood or wood by-products 
are being added affects the digestibility (Mellenberger 
et al. , 1971). Bark which is removed in wood processing 
may have somewhat higher digestibility than the wood. 
Ground poplar bark was estimated to be about 27 percent 
digestible when lambs were fed a 60% bark ration (Gharib 
et al. , 1975). Grinding and pelleting usually results in 
increased intake but the increase is greater with forages 
of high cell-wall content (Moore, 1964). Another factor 
which affects the digestibility is restricted feeding. 
Feeds fed at a restricted level are often more digestible 
than those consumed ad libitum (Brown, 1966; Meyer et al. , 
1965; Wagner and Loosli, 1967). Since many standard 
digestion trials are conducted at restricted intake, the 
results may not be applicable to productive situations at 
maximum intake. 
Different chemical treatments have been used to 
increase the digestibility and availability of the carbo­
hydrate fractions from woods and poor quality roughages. 
Alkaline delignification has been shown to increase the 
9 
in vitro digestibility of some .wood .sp·ecies (Wilson and 
Pigden, 1964; Tarkow and Feist, 1968, 1969; Feist et al. , 
1970; Baker et al. , 1973) and other poor quality roughages 
such as straws (Beckmann, 1921; Ferguson, 1942; Wilson and 
Pigden, 1964; Donefer et al. , 1969 )_. The studies of 
Archibald (1926), Hudson (1971), and Butterbaugh and Johnson 
(1974) have demonstrated that the feeding value of wood 
residue can likewise be improved by acid hydrolysis. 
Although in vitro dry matter digestibility is improved by 
10 
chemical treatment, no significant improvement on the 
voluntary intake is achieved unless the treated material is 
supplemented with a source of nitrogen (Donefer, et al. , 
1969). Zafren (1960) used NH40H as the treatment alkali, 
with the claim that the ammonium acetate resulting from 
the neutralization of the excess alkali could serve as an 
extra source of nitrogen in the treated straw. Other 
investigators (Donefer et al., 1969) have adopted the method 
of supplementing the treated straw with which dietary 
nitrogen is converted to microbial nitrogen in the rumen. 
This has a considerable influence on the efficiency of the 
animal as a whole. 
I rradiation with high energy electrons (Lawton et al. , 
1951), subdivision into micron-size particles (Virtanen 
and Koistenen,-. 1944; Virtanen and Nikkila, 1946; Pew, 
1957; Pew and Weyna, 1962; Stranks, 1959; Dehori ty and 
Johnson, 1961) provide enhanced utilization of wood or 
forage carbohydrate by bacteria, enzymes or ruminants. 
Wisconsin researchers Millett et al. (1970) examined 
several methods of improving the usefulness of aspen 
poplar by livestock. These were irradiation with high 
energy electrons, milling, swelling in liquid ammonia and 
swelling in an alkali solution. The changes in digesti­
bility due to the treatments were very species dependent. 
The increase in digestibility was more substantial with 
hardwoods than softwoods. 
Nutritive Value of Untreated Wood 
Several researchers have examined the feeding value 
of unprocessed sawdust as an energy source (Kitts et al., 
1968; Dinius et al. , 1970; Welton and Baumgardt, 1970) 
and as a source of roughage in high concentrate finishing 
rations (Anthony and Cunningham, 1968; El-Sabban et al., 
1971; Slyter and Kamstra, 1971b, 1973; Gilbert et al. , 
1973) . Some wood residues are equal to low or average 
quality hay in terms of digestibility (Milligan, 1974; 
Baker et al., 1975) and could be substituted for forages, 
particularly in the maintenance rations of beef cows and 
ewes. 
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Sawdust has also been used to limit feed intake or to 
serve as a source of roughage in the ruminants ration. 
T.en· .:to fifteen percent of sawdust has been fed without 
any toxicity effect (Cody et al. , 1968) . They also used 
rations containing 25 to 45 percent wood fiber to control 
grain intake in dairy calves. This observation is in 
general agreement with a report by Baumgardt et al. (1969) 
where oak sawdust was fed to wether lambs and the feed 
intake was limited by diluting the ration with 40 percent 
or more sawdust. Baumgardt et al. concluded that animals 
can tolerate up to 50 percent oak sawdust in the ration 
without any apparent detriment to their health. Wood has 
been used extensively in semi-purified diets . During World 
War II, research was conducted to ·develop a source of wood 
1 2 
mol_asses for alcohol production. These products of acid 
hydrolysis were used in ruminant rations with good results 
(Colovas et al. , 1 949; Jones 1 949; Keyes, 1 953; Burkitt 
et al. , 1954; Morrison, 1956). 
Al though potential energy in barley, hay, straw-, 
aspen poplar and other wood products is very similar, a 
steer can extract about 80 percent of the energy in barley, 
60  percent in hay, 40 percent in straw and 20 percent in 
unprocessed aspen poplar (Milligan, 1 974) . Therefore, 
greater differences are found in the ability of animals_ 
to extract or digest the gross energy from different feed 
sources. 
I n  examining different types of wood, M. A. Millett 
e� al. (1970) showed that 3 species exhibited the highest 
in vitro digestibilities-32% for aspen, 17% for black ash, 
and 20%  for the soft maple. Values for remaining species 
were found from O to 8 percent. Keith and Daniels (1975) 
found the in vitro digestibility of untreated hardwood 
sawdust to be 6.3% in a 25% sawdust ration. Mellenberger 
et al. (1971) conducted a digestion trial with goats to 
find out the digestibility of untreated .aspen sawdust. 
The digestibility of aspen sawdust was estimated to be 
31 percent when fed in a concentrate ration and 41 percent 
in a roughage ration. 
In a study by Baker et al. (1975) chemical analysis 
and bioassays were used to evaluate wood waste and bark. 
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No softwoods were digested by rumen microorganisms and most 
hardwoods were only slightly digested. Aspen was found 
to be the·most digestible species. Pulps from the hardwood 
species were more digestible than pulps from softwood 
species at higher lignin contents. At lignin content 
below 7% the pulps have about equal digestibility 
1 Bak er , 19 7 3 ) . 
Kitts et al. (1968) conducted a series of experiments 
using wood and wood by-products in the feeding of growing 
and finishing beef cattle. In experiment 1, 32 Hereford 
steers were fed 10% alder sawdust replacing hay as a 
roughage source for 63 days. The wood and hay were fed at 
a level of approximately 10 percent of the total daily 
feed intake. The wood was consumed readily by the animals 
and showed no digestive disturbances, and replaced the hay 
successfully as a roughage and/or nutrient source. 
Kitts et al. (1968) conducted a second feeding trial 
with beef calves for 182 days to study the extent to which 
unprocessed, raw wood added to the ration at various levels 
would be utilized by rumen microorganisms. Dry ground 
alder wood was added to a basal diet containing 17.5% 
crude protein and 733 Kcal/kg digested energy. 
Group A was fed a ration consisting of 35% wood in 
the basal ration. The same amount of basal ration was fed 
to group B and C as was fed to group A, except 27.2% and 
13.3% wood was added to the rations of group B and C, 
334795 
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respectively, in place of 35% wood in ration A. Group 
D was fed basal ration to the level fed to groups A, B, 
and C. The results of this trial showed that the group 
receiving the highest level of wood in the diet had an 
average daily gain similar to those animals consuming 
only the basal ration. Though animals on 27. 2% ·and 
lJ. 3% alder wo6d gained relatively faster, there was no 
statistical difference among treatments. 
Kitts et al. also determined the digestibility of 
these four rations using mature wethers. Digestibility 
decreased with increased percentage of raw wood in the 
diet. Digestion of lignin in all the r,ations remained 
relatively the same. From this study they concluded 
that the ground sawdust has actually been utilized by 
the animals since there was no statistical difference 
between the gain of the animals receiving diff-erent levels 
of sawdust in their rations. 
�n experiment 3, Kitts et al. fed untreated sawdust 
and hay to finishing cattle at two different levels (15% 
and 20% of the total ration) . The rations were pelleted and 
fed ad libitum. Steers on hay gained faster and had a 
better feed efficiency as compared to untreated sawdust 
fed steers. 
Kamstra and Minyard (1970) observed no toxicity 
or intake problems with feeder cattle when dehydrated 
alfalfa meal was replaced by 10% pine sawdust during a 
90-day feeding period. In vitro dry matter digestibility 
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was increased from 70% to 73. 4% when 10% sawdust was 
included in the diet. Slyter and Kamstra (1974) fed 
yearling Hereford heifers for 126 days on all concentrate, 
concentrate with 15% alfalfa meal, concentrate with 15% 
pine sawdust or concentrate with 5% alfalfa meal· and 
10% pine sawdust. · Feed intake was lowest on the all­
concentrate ration. Roughage as alfalfa meal, sawdust or 
both reduced the percentage of animals with liver abscesses. 
None of the standard carcass characteristics or feed con­
version ratios were affected by treatment. 
Anthony et al. (1969) conducted trials with lambs 
and yearling cattle to compare oak sawdust and oyster 
shell in all concentrate rations. The treatments were: 
basal, basal plus 2.5% oyster shell. _basal plus 2.5% oak 
sawdust and basal plus 10% oak sawdust. Three lambs and 
12 cattle under each treatment were fed ad libitum. The 
resul-�s show that oak sawdust proved more valuable than 
oyster shell as a "roughage factor� in all concentrate 
mixtures for cattle and sheep. Adding 10% of sawdust to 
the ration for sheep and cattle did not adversely affect 
feed efficiency. Parakeratosis in cattle was reduced with 
10% of sawdust. 
In a second trial•with lambs and cattle, Anthony 
et al. compared oak sawdust with coastal bermudagrass 
hay. In the lamb feeding trial, the rations contained 
either 1 0% sawdust or 1 0% ground coastal hay. For the 
cattle feeding trial, the rations contained ei ther 1 5% 
sawdust or 1 5% ground coastal hay. Sheep and cattle were 
slaughtered at the end of the trials and their rumens 
examined for parakeratosis. Examination of the rumens 
showed no incidence of parakeratosis in lambs. Feed 
efficiency and average daily gain on sawdust - containing 
ration were equal to the coastal-hay ration in the 
lamb trial. In contrast, cattle fed sawdust did not grow 
as rapidly as those fed coastal hay. All the sawdust fed 
cattle showed some evidence of parakeratosis. The sawdust 
fed cattle consumed slightly less dai ly feed than the 
coastal hay fed cattle. 
I n  another experiment Anthony et al. offered the feed 
mixt.ure (ground ear corn 68%, hardwood sawdust JO%) and 
liquid protein supplement ad libitum to a group of yearling 
steers for several weeks. Physical condition of the 
animals was improved on this diet. They concluded. that oak 
sawdust (JO% mixture) effectively served as a diluter for 
ad libitum feeding a corn ration to cattle held for later 
finishing. 
Bay (1 964) reported on a feeding trial in Boulder 
County, Colorado where cottonwood pulp was fed to about 
2500 cattle. Typical daily feed was 9 kg corn or sorghum, 
0. 9 kg protein, 0. 9 kg cottonwood. The pulp was used from 
5 to 20 percent. No digestive troubles, no bloating or 
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scouring was noted. El-Sabban et al. ( 1971) fed oak saw­
dust as a roughage substitute in be ef cattle finishing 
rations. Steers were fed rations containing the same basal 
ingredients but varying only in source and level of roughage. 
El-Sabban et al. concluded that 15% sawdust can be success­
fully us ed without affecting carcass characteristics , 
rumen pH ,  total VFA and lactic acid concentrations. Aspen 
pulp silage has also be en us ed in cattle rations success ­
fully upto a level of 40 percent of the total ration 
(Anon. 1966). 
I t  is well established that dairy cows have a need for 
at least a minimum level of dietary fiber. For this reas on 
many investigators have examined the response of lactating 
animals to rations containing wood and other poor quality 
roughages. Cody , Morrill and Hibbs (1968) sacrificed young 
dairy animals to see the effects of wood fiber additions in 
pelleted concentrate rations. No gross lesions could be 
attributed to wood fiber. They found e xtensive parakeratosis 
and adhesion of rumen papillae in all concentrate or 15% 
wood fiber rations , but rations containing higher levels 
of wood fiber or long hay appeared to alleviate parakeratosis. 
Satter et al. (1973) examined 10% , 20% and JO% levels 
of big tooth aspen sawdust added to a grain mix. They found 
that the rations d id not change milk yield , fe ed intake , 
body weight or milk protein content. Milk fat percent , 
acetate -propionate ratio for rumen contents and rumination 
1 8  
time all tended to increase with higher levels of sawdust .  
This supported earlier work which showed that J 2% aspen 
sawdust was an effective roughage substitute in a ration 
contai ning limited hay and a sawdust concentrate pellet 
( Satter et al. , 1970 ). 
There has been some investigations on the use of paper 
in ruminant . rations. Hawkins et al. ( 1969) found that 
rations containing upto 50 percent newsprint compared 
favorably with a conventional 47% concentrate, 53% roughage 
ration. Hansen, Furr . and Sherrod ( 1969) found that grains 
and feed efficiency were as good with additions of 7 . 5% or 
15% paper when compared to all concentrate or 7 . 5% or 15% 
alfalfa. 
Nutritive Value of Treated Wood 
Research with processing wood was carried out in 1919 
by E. Beckmann during World War I, as many Scandinavian 
countries were deficient in feed for livestock. He used 
sodium hydroxide treatment which was discontinued after the 
war because of cost. The success of this earlier treatment 
strengthened the view that the lignin in lignocellulosic 
materials prevents the digestion of the carbohydrate frac­
tion. Indications are that slight modi fications of these 
materials, with no removal of lignin increase their diges­
tibility. With this view many investigators have attempted 
to improve the digestibility of wood or bark with a number 
of treatments. 
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Stewart (1954) studied the effect of various hydrolytic 
treatments _ on lignin, cellulose and non- cellulosic fractions 
of wood. He showed that lignin is attacked by dilute 
alkali at room temperature but a considerable portion of 
the non-cellulosic fractions are dissolved . Stewart also 
observed that the reaction of mild alkali was much more 
rapid than the reaction involving dilute acid. Sullivan and 
Hershberger (1959) showed a decrease in the acid-insoluble 
lignin and an increase in the in vitro cellulose digestion 
by treating straw with dry chlorine dioxide . 
Among different chemicals, alkali treatment has been 
found more effective for improving digestibility and 
removing lignin content. Millett et al. (1970) used dif­
�erent treatments to increase in vitro digestibility of 
carbohydrates from wood residues . One percent sodium 
hydroxide treatment was found to increase the digestibility 
of a number of hardwood species to equal the digestibilities 
of meaium quality hay. Anhydrous liquid ammonia increased 
the digestibility of aspen wood more than 50 percent, but 
it was relatively ineffective on red oak and sitka spruce . 
Millett et al . - noted changes in digestibility due to the 
treatments to be very species dependent and the increase 
in digestibility was more substantial with hardwoods than 
softwoods. This confirmed the earlier work of Pew and Weyna 
{ 1 962) who reported that digestibility of hardwoods by cel­
lulases improved markedly by pretreatment wi th aqueous sodium 
hydroxide and the effect was considerably more pronounced 
with hardwoods than with softwoods . In a study conduc_ted 
by Stranks (1959) , the in vitro digestibility of hard­
woods was also markedly increased by sodium hydroxide 
treatment whereas softwoods were not affected by the 
treatment. 
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Mellenberger ·et al. (1971) in an experiment with goats 
found that alkali treatment increased the digestibility of 
aspen sawdust by a factor of approximately 25 perc ent. In 
this goat trial the digestibility of sawdust was improved 
from 31 percent to 48 percent in a concentrate ration and 
f rom 41 percent to 51 percent in a roughage ration when aspen 
sawdust was treated with ten parts of 0 . 5% sodium hydroxide 
to one part of wood. 
Wilson and Pigden (1964) observed progressive increases 
in in vitro digestibility, after treating either poplar 
wood or wheat straw with various levels of sodium hydroxide 
ranging from O to 15 percent of the dry matter. The 
digestibility of wood was increased approximately 50 per­
cent after treating with 8% sodium hydroxide. 
The particle size of poplar bark ground in a hammer 
mill with 0 . 32, 0 . 95 or 1. 59 cm screens did not change dry 
matter digestibility (Gharib et al. , 1975 ) .  In the same 
study, treatment with 9% or 12% sodium hydroxide - reduced 
lignin and improved in vitro digestibil ity significantly 
over untreated and 3% or 6% sodium hydroxide. The 
digestibility at the higher treatment levels was about 50 
percent. No improvement was noticed when the treatment 
lasted for 20 days rather than 1 day. Treatment at 25°c ,  
50°c or 75°c also had no effect. Five or six grams of 
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sodium hydroxide per 100 g of wood gave maximum digestibility 
of hardwoods ( Feist et al. , 1970) .  They achieved digesti-
jbilities of 50% for aspen and about 15  percent for red oak. 
Butterbaugh and Johnson (1974 ) examined the response 
of an 8 0% hardwoo.d, 20% softwood residue to acid treatments . 
The material was treated with either 0 . 8% or 2 . J% sulfuric 
acid and then neutralized with anhydr ous ammonia under 
pressure. The high acid hydrolyzed wood residue was unpala­
table when fed to lambs with a basal ration of alfalfa 
meal. The low acid material had an apparent digestibility 
of J2% and was included in the ration upto 75% without 
encountering palatability or toxicity problems. Higher 
levels of residue reduced gains, but this effect was not 
signif icant when the wood was included at the 25% or 50% 
level. The ratio of non-wood dry-matter per unit of gain 
was reduced from 6 . 99 for the control to J . 15 at the 75% 
wood level. 
I n  contrast to other studies, Keith and Daniels ( 1975) 
found no differences in weight gain, feed intake and feed 
efficiency of calves fed on 25% untreated, 1% NaOH treated, 
and 1% H2so4 treated hardwood sawdust. However, in vitro 
dry matter digestibility · was increased 35% by acid treatment 
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and 124% by NaOH treatment. These findings · were confirmed 
by these workers later in 1976 where 1% NaOH or 1% H2so4 
treated hardwood sawdust did not improve weight gains, 
feed intake, or feed efficiency. In vitro dry matter 
digestibility was improved almost 100 percent by . NaOH 
treatment. Increased concentrations of H2so4 or NaOH upto 
.2. 5% did not have advantageous effects. Keith and Daniels 
from their 1976 study concluded that there was no economic 





The effect of irradiation on the digestibility of wood 
has been studied by many workers. The reports on high energy 
irradiation of sawdust were reviewed by Mater in 195 7. He 
concluded that upto 70 percent of the carbohydrate portion 
in Douglas fir sawdust could be made soluble by rumen micro­
organisms depending upon the treatment. Only 1 to J percent 
is mac e soluble in untreated wood. Pritchard et al. ( 1 96 2 )  
investigated the effects of gamma irradiation upon the 
feeding value of wheat straw. They found that 2. 5 x 108 
rads of gamma irradiation was the optimum dosage for the 
release of nutrients from wheat straw. 
Klopfenstein et al. ( 1 967 ) studied the effects of high 
pressure on the digestibility of roughages by subjecting 
them to a pressure of 28 kg/cm2 in the presence of water, 
0 . 5% HCl or 4% H
2
o2 and found an increase in in vitro dry 
matter disappearance from 9 to 2 2  percent. 
2) 
Heany et al. (1973) examined JO% steamed aspen in a basal 
( 17% protein) diet of finishing steers. The control group 
received the same ration except JO% corn silage in place 
of steamed aspen and a basal diet with 14% protein. Feed 
intake and average daily gain was 8. J, 7. 9 kg , and 1 . 17, 
0. 98 kg for silage and aspen groups, r espectively. 
Several research workers (Hvidsten, 1941; Nehri ng 
et gl . ,  1965) have shown that when raw wood is sufficiently 
processed to remove lignin and other r elated inhibitors of 
cellulose hydrolysis, its net energy v alue for the ruminant 
is very similar to that of starch. 
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EXPERIMEN TAL PR OC EDUR E 
General 
I n  all, three separate experiments were conducted 
between 1 975 and 1977 . The entire as pen tree, including all 
branches, leaves and bark , was fed to the animals in the 
form of pellets , meal and silage. Rations were fed on an 
ad libitum basis except animals on the pellet group in experi­
ment 3 were restricted. Animals in all three experiments 
received trace mineral salt and water free c hoice. 
Dicalcium phosphate and salt were al so  given free choice 
in experiment J .  
Chemical Analysis 
A . O . A. C . (1975) methods of chemi cal analyses were used 
for analyzing feeds , feces and urine except for acid 
detergent fiber (ADF),  acid detergent lignin ( ADL) , 
Crampton and Maynard cellulose (C & M cellulose) and calcium . 
The mE chods of Van Soest (1963b) for ADF and ADL and 
Crampton and Maynard ( 1938) for cellulose were used. 
Calcium was determined by flame spectrophotometry. 
The method of Kamstra (1955) with variations by Tilley 
and Terry (1963) was used for the in vitro dry matter 
digestibility ( IVDMD) . 
Statistical Analysis 
The principles of completely randomized replicated 
design were used in all experiments.  The experimental 
2.5 
data were subjected to least square analysis. The means 
were separated by Dunnett ' s  test in experiment 1 and 2 and 
by Tukey ' s  test in experiment 3 ( Steel and Torrie, 1960 ) . 
Chi  square test was used for the number of bred or open 
c ows in experiment J .  
EXPERIMENT 1 
Procurement of Aspen Material 
Approximately five acres of mature aspen trees were 
harvested near St urgis , South Dakota , by the Department of 
Game , Fish and Parks consistent with accepted habitat 
improvement methods. The aspen tree was fed -into a chipping 
device and blown into trucks for trans porting to a drying 
bin near Egan , South Dakota. The chemical analysis of aspen 
for each load is shown in table 1 .  
Experimental Rations 
T�--..e dried chips were pammer- milled and directly 
incorporated into complete pelleted rations at the Farmers 
Cooperative Feed Mill, Egan , South Dakota and then trans­
ported to Brookings , South Dakota. The s ix treatments 
( rations ) were (1 ) 93% alfalfa as the control , (2) 1 2% 
aspen , (3) 24% aspen , (4) J6% aspen , (5) 48% aspen , and 
( 6) 48% aspen with 4% sodium hydroxide as a deli gnifying 
agent for aspen material. The ingredient composition of 
rations is shown in table 2. All rations contained dried 








Load and date 
July 2, 1 975 
July 22, 1 975 
July 2.5, 1 97.5 
August .5, 1975 
August 8, 1 975 
August 13, 1 975 
August - -
August 26, 1 975 
TABLE 1. CHEMICAL C OMPOSITI ON OF ASPEN* 
( EXPERIMENT 1 ) 
�2 On a dry matter  basi s  
M oi sture Crude  C & M 
( % ) protein ADL ADF Cellul ose  
41.50 1.38 8.54 58.84 46.6 2 
4J.85 1.58 1 2 . .56 60. 50 46.42 
42.73 1 . l}L� 11.46 54 . .52  37.82 
35.8.5 1 .  41 1 .3  . .58 .58 . 20 40.26 
38. 6 L� 0.90 14. 6 2  59.50 42.89 
41.26 0.72 11.40 6 1 .  5 2  43 . 33 
- - 0.96 1 1.98 58.23 40.88 





1 .  85 
1.77 
1 .  4.5 
1.9 2 
1. 84 
*Sample s  were taken from each l oad and/kool ed  for carotene , calc ium and phosphorus analysi s .  Carotene was found to  be 0 . 42 mg kg or equivalent to 1 68  I . U .  of v i t amin A p er 







Molasse s  
Trac e mineral 
a 
Dicalc ium phosphate 
V itamin A 
TABLE 2 .  RATI ON COMPOSITI ON AND TREATMENTS 
( EXPERIMENT 1) 
m 
C ontrol 
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48% 
Asp en 
1 3  






48% asp en 
4% s odium 
hydr oxi de  






Sixty- seven grams/t on to supply 2000 I . U. per kg 
aPerc ent c ompo siti on s Zinc , min , 0 , 35 ;  Manganes e , min . 0 . 20; Iron ,  min . 0 . 20 ; 
Magnesium , min . 0 , 1 5 ;  C opp er , min . O . OJ ;  C obalt , min . 0 . 005 ; I odine , min . 0 . 007 ; 




molasses, trace mineral salt, dicalcium phosphate and 
vitamin A. Soybean meal ( 44% protein) was included in the 
rations which contained aspen in a ratio of 40% soybean 
meal to 60% aspen . This ratio of soybean meal and aspen 
was used so that a soybean- aspen mix would approximate the 
alfalfa used as the control. Aspen material and soybean 
meal combinations then were used to replace 20 %, 40%, 
60% and 80% of the alfalfa in the control rations. All 
rations were pelleted. The chemical composition of the 
rations is shown in table J. 
Experimental Animals 
Sixty Hereford steers weighing approximately 329 kg 
were randomly allotted into 12 pens of 5 animals each on 
July 1 4, 1975. Each of the six rations was fed to two 
pens or ten animals for a period of 93 days. Prior to the 
trial, animals were restricted to a ration of medium to 
poor ��ality mixed hay with no supplementation for a 
J- week period. Animals were allowed approximately a 
2-week period to reach full feed once the trial began. 
Animals on all rations were fed an initial feed of 4. 5 kg 
per day and were increased by 4. 5 kg increments each day 
until full feed was achieved. All experimental rations 
were well accepted, however, some difficulty was experienced 
in getting animals on full feed in one pen (five animals ) 
with the pelleted alfalfa control ration. Animals were 
TABLE J. 
C ontrol 
Crude protein , % 1 2 . 9 1  
ADL , % 7 . 27 
ADF , % 42. 97 
C & M c ellulose , % 28 . 90 
Calc ium , % 1 . 62  
Ph osphorus , %  0 . 3 2 
C arotene , mg/kg 4. 8_5 
aDry matter bas i s. 
CHEMICAL C OMPOSITI ON OF RATI ONSa 
( EXPERIMENT 1) 
Rati on 
1 2% 24% 36% 
aspen asp en asp en 
1 3 . 62 15 . 00 1 6 . 27 
7. 39 7 . 17 7 . 07 
37 . 97 38 . 73 3.5 . 1 2 
29 . 36 28 . 6 2 27 . 9 1  
1 . 35 1. 38 1 . 03 
0 . 39 o . 42 0 . 34  
2 .  1 6 2. 91 1 . .59 
48% 
asp en 
1 6 . 27 
6 .  9 ·7 
34 . 01 
27. 8 2 
1 . 08 
0 . 38 
1 . 37 
� aspen 
4% s odium 
hydr oxi de 
15 . 61 
6 . 83 
J4. 8 1  
28 . .54 
0 . 98 





off feed for a period of two days. Animals were weighed 
initially at - 3 2, 57 . and , 93 days. · .  Initial and final shrunk 
wei ghts were also obtained. 
The amount of aspen available was sufficient to feed 
the steers for a period of 93 days. At this time, two 
steers from each pen (four per treatment) were slaughtered 
for carcass data and taste panel evaluation of the meat 
produced on experimental rations. The 24 steers (four per 
treatment) were offered a high-concentrate finishing ration 
for an additional 85 days to determine effects of the 
previous experimental rations on later performance when 
fed typical high concentrate finishing rations. The 
remaining 12 steers, one from each pen (two per treatment) 
were u sed to conduct digestion and balance studies with 
the feedlot rati ons. The steers were kept in the metabolism 
cages for three weeks. Urine as well as feces was collected 
during a 10- day collection period so that nitrogen, calcium 
and phosphorus balance could be estimated. 
EXPERIMENT 2 
Procurement of Aspen Material 
Approximately 50 tons of fresh aspen chips were trans­
ported from the Black Hills of South Dakota to the Foundation 
Seed House located on the South Dakota State University 
campus for drying. Aspen chips were forced air-dried at a 
temperature of 38 °C to a moisture level which would provide 
► 
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for safe storage prior to ration formulation. Fresh aspen 
chips contained approximately 50 percent moisture and less 
than 10 percent moisture after two days of bin drying. 
The- chemical composition of aspen wood for each load is 
shown in table 4 .  All aspen material used in this experi­
ment was ground following the drying process using a 
portable hammer mill equipped with one centimeter screen. 
Experimental R ations 
T�e six treatments were (1) a high roughage control_ 
composed of 93% alfalfa, (2) an all concentrate ration, 
(3) a high-concentrate ration with 15% alfalfa as roughage, 
( 4 )  a high-concentrate ration with 1 5% aspen as roughage , 
(5) a 48% aspen-13% alfalfa ration without grain and 32% 
added soybean meal and (6) a 48% aspen- 13% alfalfa ration 
without grain and 16%. adQed soybean meal plus 16 % chicken 
manure. The ingredient composition of rations is sho¥m in 
table j .  All rations were fed in the meal form and were 
prepared at South Dakota State University feed mill. 
Treatments 1 and 5 of experiment 1 and experiment 2 were 
similar in ingredient composition. The chemical composition 
of rations is shown in table 6 .  
Experimental Animals 
Allotment and management of 6 0  Hereford steers weighing 
approximately 317 kg were similar to experiment 1. The 
animals were fed to a desired slaughter weight of about 
1 . 
2 . 
3 .  
Load and date 
May 19 , 1976 
June 22 , 1976 
June 23 , 1976 
TABLE 4 .  CHEMICAL COMPOSITI ON OF ASPEN* 
. ( EXPERIMENT 2 )  
% , On a dry matter basi s 
M oi sture Crude C & M 
( % )  Protein ADL ADF C ellul ose  Ash C alc ium 
46 . 25 1 . 25 1 2 . 8 63 . 2 45 . 6  3 i 2 0 . 87 
38 . 73 1 .  45 1 1 . 3  62 . 0 46 . 4  3 . 6 1 . 22 
37 . 50 0 . 90 1 0 . 2  69 . 4  50 . 0  2 . 8  0 . 87 
Ph o sphoru s 
0 . 04 
0 . 04 
0 . 0J  








Soybean oil meal 
( 44% crude protein ) 
Chicken manure - dried 




Dic alc ium phosphate 
Vi tamin A 
TABLE 5 .  RATI ON COMPOSITION AND TREATMENTS 
( EXPERIMENT 2 )  






9.3 . 0  
--
--
5 . 0 
1 . 0  
--
1 . 0  






13 . 0  
,_ - -
- -
0 . 5 
0 . .5 
- -
Treatment s  
( J )  (4) 
C oncen-
trate C oncen-
1 5% trate 
alfalfa 15% aspen 
7.3.5 6 7.0 
-- 15 . 0  
15 . 0  - -
10.0 1 7.0 
-- --
-- --
0 . 5 0 . 5 
0 . 5 




48 . o  
1 3 . 0 
32 . 0  
- -
5 . 0 
1.0 
1 . 0 
Sixty-seven grams/t on t o  supply 2000 I . U . per kg 
( 6)  
48% aspen 
1 3% alfalfa 
16% chicken 
manure 
48 . 0  
1 3.0 
16 . 0  
1 6 . 0 
5 . 0 
1. 0 








TABLE 6 . CHEMICAL C OMPOSITI ON OF RATI ONS , %a 
C ontrol 
93% C onc en-
alfalfa trate 
13 . 70 1 3 . 39 
9. 76 2. 78 
37. 16 6. 80 
28 . .56 4. 60 
1. 29 0. 21 
0. 30 o . 4 1 







1 4. 17 
9. 7 1  












48% asp en 
· 1 3% alfalfa 





o. 4o  
aDry matter basis . 
48% asp en 
1 3% alfalfa 
· 16% c hicken 












,500 kg continuously on the same ration. The experiment 
was started on June 14, 1976. Animals were weighed at 
approximately JO - day intervals. I nitial and final shrunk 
weights were also obtained. 
Steers from treatments 2 , 3, 4 and pen 6 of treatment 
5 were slaughtered after 126 days of feeding. The remaining 
animals were slaughtered at 182 days (treatments 1, 6 
and pen 5 of treatment 5) . 
EXPERIMENT 3 
Procurement of Aspen Material 
Total Tree .Inc. , Burnsville, Minnesota, transported 
the chipped aspen material from Brainerd, Minnesota to the 
Bob Healy ranch, Pukwana, South Dakota for silage making 
and to the Peavey Company, De Smet, South Dakota, for 
prepartion of a pelleted aspen-alfalfa ration. The Brainerd 
source for the aspen was selected bec ause of availability 
and because a commercial company operating in that area was 
equipped to harvest and chip the trees and transport the 
product in the comparatively large amounts needed for 
this demonstration. Approximately 400 tons of silage and 
200 tons of pelleted feed were prepared for the experiment. 
Experimental Rations 
C hipped aspen material for ensiling was mixed with 
corn grain, limestone and urea prior to tub grinding. 
36 
Prairie or mixed grass hay was purchased from several 
sources because of scarcity of f'orage in gen_eral throughout 
the drought area. The three treatments were (1) mixed 
grass hay as control, (2) aspen- alfalf'a (60: 40) pellets, 
and ( 3) 88. 5% aspen silage. The ingredient composition of 
the rations is shown in table 7. 
Experimental Animals 
On November 16, 1976 , at Healy ' s  ranch, 201 commercial 
bred stock cows varying in age from 2 to 13 y€ars were 
separated by breed and age into 4 replications, stratified 
and randomly allotted to the three ration treatments 
(table ?) of 67 animals each. Each lot was provided with 
an area of' 10 acres with limited access to protected loafing 
areas. 
Each group of animals was fed its respective ration 
continuously for 25 weeks. The chemical composition of 
these rations is shown in table 8 .  A 45-day random weighing 
of a few animals was done to estimate condition on each 
feed type. Animals were also weighed and scored for condi­
tion in the beginning and at the end of the experiment. 
Feed Adjustments 
On December 2, 1976,  animals on the pellet feed were 
consuming approximately 11. 3 kg of feed per head per day 
but were restricted to 9. 1 kg within two weeks. On January 
21 ,  the animals were gaining 0. 68  kg per head per day, as 
Ingredi ents  
TABLE 7 , RATION C OMPOSITI ON AND TREATMENTS 
( EXPERIMENT J )  
Tr eatments 
( 1 ) ( 2 )  
Mixed grass  hay Asp en-alfalfa 
control pellet  
Prairi e mixed grass 1 00 . 0  
Aspen - - 6 0 . 0 
Alfalfa - - 40 . 0  
C orn - - - -
Limestone  -- --
Urea -- - -
( 3 ) 
Asp en 
s i lage 
8 8 . _5  
1 0 . 0 




TABLE 8 . CHEMICAL C OMPOSITI ON OF RATIONS , %a 
( EXPERIMENT J )  
Rati on 
M ixed  grass hay Asp en-alfalfa 
c ontrol p ellet 
Crude protein 6 . 05 5 . 39  
Ether extract 2 . 50 1 . 1 1 
Crude fiber 31 . 46 46 . 75 
Nitrogen fre e  extrac t .5 1 . 65 42 . 17 
Ash 8 . J4 4 . 58 
Calc ium o .. 47 0 . 89 
Ph osphorus 0 . 16 0 . 07 
aDry matter basi s .  
Asp en* 
s ilage 
3 . 11 
0 . 61 
4 9 . 82 . 
43 . 08 
J . JB 
0 . 54 
0 . 06 
* 1 . 2  kg s oybean meal p er h ead p er day was added  t o  increase  crude protein 




d etermined by a random weighing of a few animals. It was 
feared that excess weight might cause calving difficulty by 
April and therefore, animals on the pelleted ration were 
further restricted to 8. 2  kg with no protein supplementation. 
On March 26, the animals were again allowed to consume 
1 1 . J kg of feed da�ly to prepare for the April calving 
p eriod. Animals on the hay and pellet feeds received 
protein supplements of 0. 72 kg per head per day from 
February 1, and March 26, respectively. To maintain animals 
in good health after calving, an additional supplement of 
2. 7 kg corn per head per day was also given during the 
month of May . 
An adjustment was needed to allow sufficient consump­
tion of the silage ration in order to obtain a dry matter 
intake similar to the hay and pelleted rations. After six 
weeks 2% of dried molasses was added to the silage ration 
for fo1 tr weeks. Because the wet silage was so low in 
protein (2. 8% crude protein) as compared to the hay and 
p elleted rations ( 7%) ,  a top dressing of soybean meal at 
the rate of 1. 2 kg per head per day was offered from · 
December 15 , 1976, to increase the crude protein content 
of silage to 7%. Soybean meal supplementation was 
increased to 1. 7 kg per · head per day from January 27, 1977, 
until the termination of the experiment . Corn supplemen­
tation of 1. 5 kg during the month of February and 2. 0 kg 
thereafter was offered to the silage group. 
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Management of Animals After Experimental Feeding 
After the termination of the experiment, both cows 
and calves were turned out to open range. About that time 
all supplemental feeding, other than water and mineral, 
was terminated. The cows and calves were _observed from 
time to time throughout the summer for any changes in 
condition. During the month of October all ·experimental 
animals were pregnancy tested. The weaning weight of 
calves was also determined during this period. 
RESULTS AND DISCUSSION 
EXPERIMENT 1 
Growing and Finishing--Aspen Wood Phase 
Feedlot Performance 
The mean performance data of the steers in the 
93-day feeding trial are given in table 9. Data are 
cumulative for each interval shown. Final filled and 
shrunk weights show a large amount of shrink ( 17 to 22 
kg per head) but with no apparent trend related to 
ration differences .  Steers fed the control pelleted 
ration made a rather low rate of gain during the first 
32 days of the experiment . The gains were improved 
after the first month . Although Oltjen et al . (1971 ) 
have reported an average gain of one kilogram in calves 
on pelleted alfalfa, the average gain of 0 . 7  kg daily 
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for the remainder of the 9J-day experiment more nearly 
represents expected gains from feeding pelleted alfalfa to 
cattle of this weight class. 
The alfalfa in all rations was prepared from 
previously pelleted alfalfa and reground to prepare 
complete pelleted feed in each treatment. The alfalfa, 
having been ground twice in ration preparation, was 
quite fine and may have co ntributed to unusually low 
weight gains for the high alfalfa control durin g the 
first 32 days. Increasing levels of aspen with the 
TABLE 9 .  FEEDLOT P�FORMANCE AS AFFECTED BY ASPEN CONTENT OF DIETS 
( EXPERIMENT 1 )  
( 1 )  ( 2) 
Treatments 
( J )  ( 4) ( 5) 
1 2% 24% J6% 48% 
I tem C ontrol aspen aspen aspen aspen 
Number of animals 1 0  1 0  1 0 1 0  1 0  
Number o f  days fed 93 93 93 9:, 93 




28 . 8  
Avg . final fi lled  wt . , kg 39.5 . 9  423 . 6  444 . 4  48 . 5  43 . 5 
Avg . initial shrunk wt . , �g 321 . 1  
i1 9 , 7 
J1 8 , 4  J l 8 .  1� 3 1 9 . J 
Avg . final shrunk wt . ,  kg 374 , 6 05 . 0  424 . 9 431 ,  J 421 , 8  
Avg . d ai ly  gain , kg 
0 .  l}J 0 . 67 1 . 4) 1 . 6 1 J2  days ( fi l l e d ) 1 . 48 
57  days ( fi l led ) 0 , 77 1 .  32  1 . 60 1 . 5 1 , 1 . 44 
9 3  days ( fi l led ) a 0 . 70 1 . 0 1 1 . 26 1 . 28 1 . 2J c  93  days ( shrunlt ) 0 I .5 7 0 . 9 2 1 . 1 5 ° 1 . 22 ° 1 , 1 0 
Avg . daily rati on , kg 
7 , 48 8 . 6 3 J 2 days  ( c onsumption ) 1 0 . 77 1 1 . 0 7  :1. 0 . 54 
57  days 9 , 70 1 1 . 09 1 2 . 9 .5 1 3 . 33 1 1 . 85 
93 days 1 1 .  1 9  1 2 . 58 1 3 . 76 1 3 . 99 1 2 . 6 1 
Feed/kg gain , kg 
20 . )1 1 3 , 54 6 . 88 32 days 7 . 53  7 . 1 2  
5 7  d ays 1 .5 . 6 3 1 0 . 26 8 . 08 9 . 04 8 . 3 1 
93  days ( fi ll ed ) a 1 5 . 93 1 2 . 49b 1 0 . 95b 1 0 , 95b 1 0 . 25c 9.3 days ( shrunk ) 1 9 . 50 1 ) . 80 1 2 . 0 7  1 1 . 96 1 1 . 56 
aOnly these values  were statistically analyzed by Dunnett .• s te st � . 
bSignificantly better than c ontrol at the .5% level of probability . 
c Significantly better than c ontrol at the 1% l evel of probability . 
. ( 6) 
48% aspen 
4% s odium 
hydroxide 
1 0 
9 3  
329 . 3 
4.39 . 9 
i1 9 .
3 
22 . 2  
1 . 65 
1 . 43 
1 . 1 90 
1 . 1 1 
1 0 . 75  
1 2 . 45 
1 3 . 1 9 
6 . 58 
9 . 59 1 1 . 1 2b 
1 2 . 03 
� 
t\) 
soybean meal resulted in improvements in weight gains 
up to the level of 36% aspen and 24% soybean meal. The 
coarser aspen rations appeared to assist in getting 
animals to full feed sooner. Feed consumption increased 
with increasing weights and time on experiment for 
all treatments. In  contrast to the increased weight 
gain for the alfalfa control group, steers in all groups 
fed soybean meal and aspen replacing various amounts 
of the alfalfa showed lower weight gains after the first 
month as the animals became heavier . 
Treatments were compared against alfalfa control 
by Dunnett ' s  test for final shrunk weights, average 
daily gains and feed efficiency. Body weight gains 
were higher (P<. 0 1) on all aspen rations except 12% 
aspen (treatment 2) .  Cattle receiving aspen rations 
were also more efficient in utilization of feed at 5% 
significance level for treatments 2, 3, 4 and 6 and at 
1% level of significance for treatment 5 .  Improvement 
in feed efficiency has been demonstrated with lambs 
fed three sawdust levels as compared to hay by Gilbert 
4J 
et al. (1973 ) .  Feed efficiency increased li nearly with 
the increase in sawdust from 15 to 25% . Other researchers 
have found no difference in performance when alfalfa 
was replaced by 15% and 35% hardwood sawdust in cattle 
rations (El-Sabban et al. , 1969; Kitts et al. , 1968) and 
75. 7% with aspen bark in lamb rations (Fritschel et al. , 1976 ) .  
The major difference in these results and those reported 
in this thesis was that aspen rations resulted in sign­
ificantly higher weight gain ( except ration 2) and 
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feed efficiency as compared to that of the alfalfa control. 
Carcass Data 
Carcass data for the 24 animals slaughtered after 
the 93 -day growing period are shown in table 10. 
U sually  animals of this weight class would not be 
desirable for slaughter. Howe ver, it se emed  appropriate 
to obtain experimental data from each fe eding phas e. 
The animals did not have sufficient finish or marbling 
to rec eive as high marbling scores or carcass grades as 
animals on finishing rations. Carcass data were rather 
uniform between treatment groups and revealed no differences 
which could be attributed to dietary treatments. Car­
casses were graded from standard to good. No  objectionabl e 
flavor was noted with any of tLe animals, however, and 
all animals received an acceptabl e taste panel evaluation 
score. Many investigators support the conclusion that 
replacement of forage by wood or sawdust at various 
l evels have essentia�ly no influence on carcass character� 
istics (El -Sabban, 1971 ;  Milligan, 1974 ; Slyter and 
Kamstra, 1974) .  
TABLE 10 . CARCASS CHARACTERISTICS AND TASTE PANEL EVALUATI ON 
AS AFFECTED BY ASPEN C ONTENT OF DIETs9-
( EXPERIMENT 1 )  
( 1 )  ( 2 )  - ( 3 )  ( 4 ) ( 5 ) 
1 2% 24% J6% 48% 
I tem C ontrol . aspen aspen aspen asp en 
Hot c arc ass wt , , kg 221 . 8  247 . 8 254 . 6 262 . 6  264 . 4 
Dressing % 54 . 2  56 . 8  56 . 5 .56 . ;I 56 . 1 
Federal c arc ass grade standard stai1dard + good - good standard + 
Marbling sc ore 2 , 8  J . O 3 . 8 J . 8  J . J 
Absc e ssed l ivers2 1 
- - -- -- - -
Rib  eye area , cm  6 9 . 5  79 • lJ. 76 . 7  73 . 1 77 . 6 
C onformation 1 7 . 8 1 9 , 0  1 9 . 3  1 9 . 5 1 9 . 0 
Maturi ty 23 . 0  23 . 0  23 . 0  23 . 0  23 . 0  
C olor 3 . 5  J . 8 5 . 3 5 . 0 J . 8 
Firmne s s  5 . 0 . 4 . 8 5 . 8 5 . 5  5 . 3 
Ki dney fat , % b 1 . 9 , • 1 .  8 2 . 9  2 . 2  1 . 9 
Taste panel evaluation 
Tenderness  3 . 8 3 ,  5 · .. 3. 2 4 . 0  J . O 
Flavor J . 4 .. J . 2 J . 1  J. 4 3 . 2 
Juic iness  J . 9 J . 8 J I  .5 4 . 0 3 . 6  
aFour animals per treatment . 
bscored  on a scale  of 1 to  5 with lower values  being more desirable .  
( 6 )  
48% aspen 
4% s odium 
hydroxide 
248 , 7 
.5.5 . 7 
standard + 
J . J 
--
76 . 5  
1 9 . 3 
23 . 0  
4 . 8  
5 . 3 
2 . 1  
2 , 8  
J. O 
3 . 1  
Finishing Phase--Standard R ations 
Feedlot Performance 
Feedlot performance for 24 of the animals that 
were continued on a finishing ration ( 85% corn, 15% 
mixed alfalfa-brome) is shown in table 11. Data are 
cumulative for each interval shown. Animals fed the 
control ration were lighter than animals provided all 
other rations at the beginning of this period because 
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of lower gains during. the growing phase. C ontrol animals 
appeared to  compensate by making somewhat better gains 
during the 85-day finishing phase but were still lighter 
in weight at the termination of the trial than animals 
on the other treatments. However, there was no . significant 
� difference among treatments. The results are in agree­
ment with the study .of Oltjen et al. ( 1971). These 
workers found no difference in feed intake, daily gain and 
feed efficiency of the steers fed on all forage compared 
to all forage followed by concentrate feeding. In the 
present study, the values for feed efficiency could not 
be analyzed statistically since all 4 animals of a treat­
ment group were kept in the same pen leaving no replication 
within the treatment. 
Carc ass Data 
Carcass data for the 24 animals slaughtered after 
the 85-day finishing period are shown in table 12. 
TABLE 1 1 ,  FEEDLOT PERFORMANCE WITH STANDARD FINISHING DIETSa 
( EXPERIMEN T  1 )  
Previ ou s  treatments 
(1) ( 2 ) { J) ( 4) ( 5 )  
1 2% 24% 36% 48% 
Item C ontrol aspen aspen aspen asp en 
Number of animals  4 4 4 4 4 
Number of days fed 85 85 8_5 85 85 
Avg . initial fi lled wt . , kg 38/-1- ,  4 398 . 0  1�3 7 . 6  429 . 0  41 6 . 6  
Avg . final filled wt . , kgb 497 . 3  51 0 . 1 .525 . 9 i26 . 8  5 30 . 2  Avg .  initial shrunk wt . , kg 358 . 7 379 . 6  420 . 5  1 3 . 7 395 . 9 
Avg . final shrunk wt . , kg b 48 2 . 8  49[ L 9  516 . 9 5 1 1 . 7  51 1.1- . 7 
Ave . daily  gai n ,  kg 
JJ days ( fi ll ed ) 1 , 82 1 . 68 o.BJ 1 . 2 1 1 . 30 
6 1 days ( fi lled ) L J7 1 . 44 1 . 1 6 1 . 1 9 1 . 37 
85 days ( fi lled ) b 1 ,  L�6 1 . 40 1 . 1 3  1 . 1 5 1 . 40 
85 days ( shrunk ) 1 , JJ 1 . 3 2 1 . 04 1 . 1 5 1 . 34 
Avg . daily rati on , kg 
JJ days ( c onsump ti on ) 1 0 . 05 9 . 69 1 0 . 56 1 0 . 3 0 9 . 98 
6 1  days 1 1 . 1 8 1 0 . 8 3 1 0 . 88 1 1 . 43 1 0 . 93 
85 days 1 1 . 52 1 1 . 23 1 1 . 41 1 1 . 90 1 1 . 97 
Feed/kg gain , kg 
33 d ays  5 . 50 5 . 78 1 2 . 6 5 8 . 5 2 7 . 70 
6 1  days 8 . 1 J 7 . 53 9 . 39 9 . 6 2 7 � 99 
85 days ( filled ) 8 , .57  8 . 5 1 1 0 . 98 1 0 . 35 8 . 96 
85 days ( shrunk ) 7 , 86 8 , 08 1 0 ,  1 4  1 0 . 39 8 . 6 2 
a85% corn and 1 5% mixed alfalfa brome , 
bOnly these values  were stati stically analyzed by Dunnett ' s  test . 
(6) 
48% a spen 




384 . 8  
i28 . 1  1 2 . 2 
51 2 . 7 
1 . 37  
L 10 
1 . 1 8 
1 . 1 5  
1 0 . 8 7 
1 0 . 93 
1 1 . 41 
7 . 9 2 
8 . 44 
9 . 89 
9 , 64 
.=--""" 
TABLE 1 2 ,  CARCASS CHARAC TER ISTICS AND TASTE PANEL EVALUATION 
WITH STANDAR D FINISHING DIETS 
I tem 
Hot c arcass wt . ,  
Dressing %a 
Federcl c arc ass grade 
Marbl ing sc ore 
Absc essed  l ivers2 Rib  eye area , cm 








( 1 )  
C ontrol 
282 . 7 
58 . 6  
choic e -
4 . 9 
--
62 . 9 
20 . 0 
23 . 0  
5. 0 
5 . 8 
2 . 0 
J . 4  
2 • .5 
3 . 5 
( EXPERIMENT 1 ) 
Previous treatments 
( 2 )  ( J) (4) 
1 2% 24% J6% 
aspen aspen aspen 
. 299 . 2 J 1 6 , 1 c J1 4 . 0 
6 0 . 0 6 1 . 1  6 L 4c 
choic e - choic e - choic e -
5 . 1  6 . J 5 . 5 
--
6.5 . 6  72 . 2 72 . 6  
20  . .5 20 . 8  20 • .5 
23 . 0  23 . 0  2 3 . 0 
5 . 0 5 . 0 5. 0 
4 . 8 5 . 8 5 . 5 
2 , 5 2 . 5 2 . 4  
2 . 8  -- --
2 . 4  -- --
3. 2  -- --




309 . 9 
6 0 . 2 
choi c e  -
6 . 2  
73 . 8 
21 . 0  
23 . 0  
5 . 0  
5 . 0 
2 . 3 
3 . 4 
2 . 6 
3·. 4 
bsc ored on a sc ale of 1 to 5 with lower values  be ing more  de sirable . 





J08 . 8 
6 0 . 2 
choi c e  -
4 . 6 
72 . 2  
20 . 3  
23 . 0  
5 . 0 
5 . 3  
2 . 3 
J . 2 
2 . 6 




All animals were graded choice minus as compared to the 
standard to good graded on the previous rations. Dressing 
percent was higher (P�. 05) on 24% and 36% aspen rations 
as compared to alfalfa control. Other carcass charac ter­
istics did not appear to be greatly influenc ed by previous 
rations . 
Digestion and Metabolism Trial 
The summary of results is given in table 13. R ations 
having higher apparent digestibility for the various 
nutrient components were also those which were associated 
with higher gains and feed efficiency. In general, 
soybean-aspen rations were more diges tible. This was 
indicated with all nutrients except ether extract which 
is a minor component in these rations. Dry matter diges­
tibility for 36% and 48% as pen rations was higher (P<. 05) 
than the alfalfa control. The increase in diges tibility was 
greatest for the 48% soybean-aspen ration, followed by �hat 
of the 36% and 24% soybean-aspen rations. The dry matter 
digestibility values obtained for aspen rations in this study 
are in agreement with the values reported by Mellenberger 
tl al. (1971). These workers have reported 51 . 1 and 65. 2% 
digestibility for 40% aspen containing roughage and concen­
trate rations. In contrast, Gharib et al. (1975) have 
reported a dry matter digestibility of about 50% when 
60% poplar bark was included in the lambs rations. 
TABLE 1 3 .  DIGESTION AND METABOLISM TRIAL ON ASPEN WOOD RATIONS--DRY MATTER 
INTAKE , DIGESTIBILITY C OEFFICIENTS AND MINERAL BALANCE 
( EXPERIMENT 1 )  
( 1 )  ( 2 ) ( J )  ( l} ) ( 5 )  
1 2%  24% J6% 48% 
Item C ontl'ol aspen aspen aspen aspen 
Dry matter intake/1 00 kg body 2 . 1 9 2 . 25 2 . 1 1  2 . 20 1 . 86 
wt . •  kg 
Apparent digestibility , % 
51 . 1 .5 .54 . 46 
59 . 45a 6 2 . 85a Dry rr.atter 51 . 51 
N . F . E . .59 . 86 6 3 . 28 .59 . 8 1 b  6 7 . 23b 68 . 93b 
Crude protein 46 . 71 55 . 1 3  6 3 . 64 70 . 73 76 . 6 L�b 
Crude fi ber J4 . 27 34 . 70 1�J . 57a h3 . 70� 50 . L�Oc Ether extract  8 1� .  4 3  88 . Ql-1, 87 . 1�1 7J , 6 1 a  74 . 
1
}5b TDN , % 49 . 59 _53 . 1 2  5 5 • l�9 59 . Li-6 6 3 .  41 
D . E . , Me al/day 1 4 .  80 1 8 . 1 6 1 8 . 38 22 . 42 20 . 2) 
Nitr ogen balance 
1 66 . 9  Total intake , g/day 1 1 1 . 0  1 48 . 1  15 1 . 2  1 96 . 0  
R e tent i on 
Grams/day 51 , li 8 0 , 2 94 . 8  1 36 . 5 1 26 . 4  
Perc ent of intake 46 . J  54 . 2  6 2 . 7 6 9 .  6 75 . 7  
Mi noral balanc e , g/day 
24 . 1 1 8 . 0  22 . 6  25 , 4  Ca) c ium 1 7 . 5 
Phosph orus 9 . 9  6 . 8  O . 5 4 . 1 9 , 2 
aS j gnificantly better than c ontrol at the 5% level of probability . 
bSignific antly better than c on trol at the 1% lev&l  of probabil i ty . 
c Significantly l ower than c ontrol at the 5% level of probabil i ty . · 
dS ignificantly l ower t':an c ontrol at the 1% level of probability .  
( 6 ) 
48% aspen 
4% s odium 
hydroxi de 
2 . JO 
57 . 06 6 1 . 94b 
68 . 6 3a 
44 . 21,J,d 
6 9 . 72 
si � . 96 
2 1 . 1 9 
1 96 . 1  
1 J2 . 4  
6 7 . 5 
1 3 . 2 




The in vitro dry matter digestibility (IVDMD) was 
found to be 17. 62% and 30. 1% , respectively, for pooled 
samples of various loads of aspen wood analyzed in 
experiment 1 and experiment 2. Why there would be such a 
wide variation in digestibility of aspen from the same 
source is not clear. However, differences in IVDMD rangi ng 
from 24 to 33 percent for aspen have been reported by many 
workers (Mellenberger et al. , 1970;  Millett et al. , 1970; 
Gharib et al. , 1975). Crude fiber (P(. 0 .5) and crude 
protein (P <. 0 1 )  digestibilities were higher for aspen 
containing rations except for 12% soybean aspen. 
Furthermore, crude fiber digestibility was greater (P<. 01) 
for the 48% aspen-soybean ration. As would be expected 
from digestibilities, the TDN was higher for 36% aspen 
(P<. 05) and 48% aspen (P (. 01) rations as compared to the 
alfalfa control. Nitrogen retention as a precent of intake 
was higher for all aspen containing rations although noT. 
s ignificantly so . All animals remained in positive 
calcium and phosphorus balance. 
The reliability of using only two animals from each 
treatment for the digestion and metabolism trial could be 
questioned. When used in conjunction with the feedlot 
performance, it can be used as substantiating data to 
indicate trends which might be expected. 
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Energy Value and Expected Gai ns 
Net energy val ue for maintenance (NEm) and net energy 
value for gain (NEg) calculated from TDN as suggested by 
McCullough (1 978) are given i n  table 1 4. An example of the 
calculations is shown below. 
EXAMPLE: for 48% soybean-aspen ration ( treatment 5 )  
NEm/kg ration, Me al 
NEg/kg ration, Me al 
= { 0.029 x TDN) - 0. 29 
= { 0. 029 X 63. 41) - 0. 29 
= 1 . 55 
=(0. 029 x 1 DN) - 1. 01 
= ( 0. 029 X 63. 41) - 1. 01 
= 0. 8J 
Feed intake/animal/day, kg 
= 12 . 61 
NEm required for 350 kg steer 
=6. 24 
or 
6 . 24/1. 55=4. 0J kg feed 
Amt. of feed used for growth, kg 
= 12. 61 - 4. 0J  
=8. 58 
or 
8 . 58 x 0. 8J= 7. 12 Me al N Eg 
TABLE 1 4 . ENERGY VALUE AND EXPECTED GAINS ON DIFFERENT RATIONS 
( EXEERIMENT 1 )  
Treatment 
Control 







Energy value a 
�er kg dr� matter 
NE maint. NE gain 
( Meal ) . ( Meal ) 
1 . 1 5 o. 43 
1 . 25 0 . .53  
1 . 32 0 . 6 0  
1 . 43 0. 71 
1 .  .5.5 0. 83  
1 . JO 0 . .58 
Expected gainb 
( kg )  
0 . .5.5 
0. 8.5 
1. 1 .5  
1 . 3 .5 
1 . 48 
1 . 00 
aEstimated by equations describe d  by McCullough , 1 978 . 
b Taken from Jurgens , 1 9 78. 
Gain obtained 
( kg )  
0 . .57 
0. 92  
1 .  1 .5 
1 . 2 2  
1 . 1 0  
1 . 1 1 
V\ 
\..,J 
NEg required/kg gain, Me al 
=4. 82 
Expected gain, kg 
= 7 - 12/4 . 82 
= 1. 48 
The gains to be expected (Jurgens, 1 978) and the 
actual gains obtained are listed in table 14� In general, 
gains obtained were very similar to the gains expected on 
different rations. 
NEm and NEg of Aspen 
The calculated NEm and NEg for aspen alone are given 
in table 15 . These values were calculated by difference 
method as follows : 
Calculation of NEm for aspen wood 
EXAMPLE: for 48% aspen ration (treatment 5) 
Feed intake/animal/day, kg 
= 12. 6 1  
NEm/kg ration, Meal 
= 1 - .55 
NEm intake/animal/day, Me al 
NEm contributed by 
= 1 2 . 6 1 X 1 - 55 
= 19 - .55 
Other ingredients except aspen, Me al 










TABLE 15 . ESTIMATED NET ENERGY 




1 . 91 
1 - 5 ? 
1 . 54 
1 . 56 
1 . 06 
1 . 53 
aCalculated by difference .  
55 
12er kg as2en 
NE gai n  
o. 44  
o . 49 
0. 58  
0 .69 
0 . 20 
o. 48 
NEm for aspen left, Me al 
=19 - .5.5 - 9. 74 
=9. 81 
Aspen intake/animal/day, kg 
=6. 30 
NEm/kg aspen, Meal 
=9 . 81/6.30 
=1 . .56 
Calculation of NEg for aspen wood 
EXAMPLE: for 48% aspen ration (treatment .5) 
Feed intake/animal/day, kg 
= 1 2. 61 
NEg/kg ration, Meal 
=0. 83 
NEg intake/animal/day, Me al 
·NEg contributed by other 
= 1 2 . 6 1 X 0 . 8J 
= 10 . 47 
I ngredients except aspen, Meal 
NEg for aspen left, Me al 
=6. 07 
= 1 0 . 67 6. 07 
=4. 40  
Aspen intake/animal/day, kg 
=6. 30 
NEg/kg aspen, Me al 
=4. 40/6. 30 
=0. 69 
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The NEm and NEg for medium quality alfalfa hay were 
taken 1 . 04 and . 44 ,  respectively, (Jurgens, 1978 ) .  The 
average value for aspen was found to be 1 . 53 and . 48 for 
NEm and NEg, respectively. The values for aspen per se 
are higher than the values for alfalfa and may not appear 
real isti c. It is well established, however, that diges-
tibility and voluntary intake can be improved by correcting 
nutrient deficiencies of a poor quality roughage. It is 
also assumed that the effects of supplementation and 
pelleting are additive. Furthermore, higher digestibility, 
feed intake and gains for aspen rations were obtained in 
the present study. All data suggests that the values for 
NEm and NEg for aspen may well be correct and points out the 
potential for aspen as a roughage when it is supplement�d 
to correct its nutrient deficiencies. Although there is no 
similar work conducted with which to compare these results, 
Mellenberger et al. (1971) suggested that aspen could 
provide considerable digestable energy for ru�inants. 
Milligan (1974 )  also discussed the potential of aspen fiber 
and concluded that it has a D. E. of about 47 percent for 
cattle which is similar to an average quality hay. 
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Economic Consi derations 
Three cost analyses were made during the first 
experimental trial on aspen utilization to determine the 
cost of harvesting and preparation of whole aspen tree 
material into a feed. The first cost analysis was made 
by the- Department of Game, Fish and Parks in 1975 
( table 16) . 
Braden Forestry Services Incorporated, Deadwood, 
South Dakota, was contracted to make a more extensive 
cost analysis of processing aspen material prior to its 
incorporation into animal rations. The essential costs 
per unit of production for a simulated model operation in 
the Black Hills are estimated in table 17. 
Total Tree Incorporated, Burnsville, Minnesota, also 
made a cost analysis of processing aspen prior to ration 
preparation. This cost analysis is based on actual com­
merical production of aspen in volumes of 800 tons of a�pen 
daily. Note that the analysis does not include grinding 
or drying of aspen, only production of wet chips loaded 
into 2 2 . 5  ton vans. 
The cost analysis of production of wet chips in 
M1nnesota was made on August 19, 1976, and thus should 
still reflect near present- day costs. If a drying and 
grinding charge of approximately $10 was added to wet chip 
production costs, prepared aspen for ration formulation 
should cost on a commercial basis approximately $1 8. 50 
TABLE 1 6 . C OMPARATIVE C OST DATA , 1 97.5 ASPEN FEEDING TRIAL 
( EXPERIMENT 1 )  
C ost/ton C ost/kg 
C ost item in dollars  i n  c ents C ontrol 
Harve sting and · chipping 20 . 5 0 0 . 022 0 
Drying 1 8 . 6 0 0 . 020 0 
Grinding 1 . 90 0 . 020 0 
Subtotal 
( 1 )  C ost of aspen portion 41 . 00 0 . 04.5 0 
of  the ration 
( 2 ) Pelleti zing and bagging 1 8 . 00  0 . 020 1 8 . 00 
( J ) C ost of the additive 97 . 75 
portion of rati on 
Total rati on c ost 1 1.5 . 75 
( sum of i tems 1-3 ) 
Rati on � ost/kg 0 . 1 28 
Ration c ost/k' of gain 2 . 49 ( shrunk wt . 
C ost �er t on in dollar s  
1 2% 24% 36% 
level level level  
2 .  l�O 4 . 8 0 7 . 20  
2 . 16 4 . 32 6 . 48 
0 . 22 o . 44 o . 66 
4 . 78 9 . 56 1 4 . J4 
. •  1 8 .  00 1 8 . 00 1 8 . 00 
96. 75 89 . 00  8 1 . 70 
1 1 9 . 53 1 16 . 56 1 1 4 . 04 
0 . 132  0 . 1 28 0 . 1 26 
1 . 83 1 • .54 1 .  46 
48% 
level  
9 . 6 0  
8 . 6 4 
0 . 88 
1 9 . 1 2  
1 8 . 0 0  
75 . 20 
1 1 2 . J2 
0 . 1 23 
1 . 4J 
\.n 
\0 
TABLE 1 7 .  UNIT  PRODUCTION C OSTS FOR MODEL OPERATI ON 
( EXPERIME� 1 )  
Item 
Dollars p er ton 
dri ed chips  
1 , Timber purchase and acquisiti ons , inclu ding road 
building and maintenanc e 
2 .  Falling and bunching of trees  
J , Transportati on of r ough logs to c entral chipping 
and drying plant 
4 .  Chipping proc ess  ( including handling of  chips to 
drying proc ess) 
5 , Drying proc ess  ( including handling of chip s  to 
storage area or loading for di stributi on to 
pelle ting plant ) 
6 .  Business  admini strati on , overhead and profit margin 
( Profit margin c omputed here in 1 2% return on inve stment 
of c ap ital , equipment , lab or and management ) 
Total unit produc ti on c osts 
1 . 73 
9 , 70 
6 . 93 
7 , 36 
4 . 5 0  
5 . 29 
·35 , 5 1  
N ote : Amorti zati on and deprec i ati on of c ap ital equipment are included  




p er ton. Both cost analyses made for the Black Hills 
area estimated the cost of processed aspen to be from $35 
to $42 per ton. 
The economic analysis of costs during experimental 
development of a feedi ng program are probably not real­
istic since the main objective is  to determi ne feasi bility 
in initial tri als rather than the most economi cal method. 
This is shown by the comparison between experimental 
costs of harvesti ng aspen in the Black Hills versus the 
suggested commercial costs indicated by a commercial 
company (Total Tree, Inc. ) .  
When ration preparation from the processed aspen 
product is  considered, the same thi nki ng prevails. The 
amount of soybean meal needed to completely replace 
alfalfa would usually be too costly under the usual pri ce 
relationships between soybean meal and hay. In order for 
such a product to compete on the basis of cost, i t  woulr. 
require a cheaper source of protei n and energy than soybean 
meal. This does not defeat the objective of the feasi ­
bility study--to show whether or not i t  is possi ble to 
produce a product which would have si milar ani mal utili­
zation to alfalfa if  made equal in basi c nutrients. Other 
avenues for uses also become apparent, such as usi ng a 
product which is well accepted by animals but lacks protei n 
or other nutrients to dilute a traditional feed whi ch 
possesses a surplus of nutrients for a certain 
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feeding program. For example, it maybe desirable to dilute 
corn silage for breeding animals being wintered to p revent 
excessive finish while saving on feed costs. Considering 
the prices of ingredients at the time of experiment, 
the ration cost/ton was $1 15 . 75 ,  $119. 53, $1 1 6. 56, $1 1 4. 04 
and $1 12. 32  for alfalfa control, 12% aspen, 24% aspen, 
36% aspen and 48% aspen-soybean rations, respectively. 
At c urrent prices the cost would be $71 . 93 , $82. 39, $92. 84, 
$1 03 . 30,  and $1 13. 83 cost/ton of ration. 
EXPERIMENT 2 
Feedlot Performance 
The mean performance data for the 126- and 1 82-day 
feeding trials are shown in tables 18 and 1 9, respectively. 
Data are cumulative for each interval shown. All experi­
mental rations were readily consumed in the meal form, 
although some difficulty was encountered with the 93% 
alfalfa ration early in the feeding period. One animal 
was lost due to bloat and others showed distention. No 
further problems with bloat occurred after a portion of 
the ration was offered as long hay. Animals on this ration 
actually performed better than in the experiment 1 when 
the same ration was offered in pellet form. However, 
frequent contamination with corn as b atches of feed were 
prepared may have contributed to performance. Certain 
batches of feed contained as much as one-third corn 
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contamination if concentrate rations were prepared just 
prior to the roughage rations . I n  general, the steers 
accepted all experimental rations quite well . Some sorting 
did occur with the 48% aspen ration if large chips of aspen 
occurred in the ration mixes. I t  was also noted that an 
overall decreased consumption of as much as 19 percent 
occurred with the meal as compar�d to the pellet form of 
this ration in experiment 1. The meal form of the alfalfa 
ration, however, was more readily consumed than the 
pellet form . Fine grinding of wood has been shown to 
increase the in vitro digestibility (Bender et al., 1970;  
Huffman, 1970) and it is a well known fact that pelleting 
increases feed consumption . Therefore, the combination 
of grinding and pelleting might partially explain the 
higher consumption of wood rations in experiment 1 .  The 
ration containing chicken manure (treatment 6) attracted 
a large fly population which was somewhat disturbing to 
animals during eating . Feed consumption increased with 
increasing weights and time on experiment for all 
treatments . 
Table 18 summarizes feedlot performance after 126 days 
for all treatments. Treatments 5 and 6 were compared 
against the alfalfa control and treatments J and 4 were com­
pared with the concentrate control (treatment 2) by Dunnett ' s  
test . No difference in animal performance was noted 
between concentrate-fed animals due to roughage addition 
TABLE 1 8 .  FEEDLOT PERFORMANC E A S  AFFECTED BY DIFFERENT RATIONS- - 1 26 DAYSa 
( EXPERIMENT 2 )  
1 2 
C ontrol C oncen-
93� alfalfa trate 
Number of animals 1 0  1 0  
Avg . initial filled wt . , kg 327 . 4 32.5 . 6  
Avg , final f illed  wt . ,  kg 4.59 . 0  5JJ . J 
Avg . initial shrunk wt . ,  kg 325 . 2  J20 . 6
0 Avg . final shrunk wt . , kg -- 520 . 6  
Avg . daily gain, kg 
31 day s  0 , 78 1 . 55 
63 days 0 . 93 1. . 71 
94 days 1 , 07 1 , 66 
1 26 days 1 , 04 1 . 65 
1 26 days ( shrunk ) -- 1 . 59 
Avg . daily rat ion ,  kg 
6 . 76 31 days 8 , )3 
6 )  days 1 0 . 60 7 , 98 
94 d 3.ys 1 1 . 67 8 . 44 
1 26  days 1 2 . 81 9 , 0J 
Peed/kg gain , kg 
�- . 49 3 1  d ays 1 0 , 78 
6)  days 1 1 . 47 4 . 67 
94 · aays 1 0 . 9.5 5 . 1 0  
1 26 days ( filled ) 1 2 , 4J 5 . 47 






1 0  
J26 . 5  
528 . 8  
322 . 00 51 l� • 7 
1 . 58 
1 . 6 2  
1 , 59 
1 . 6 1 
1 . 53 
8 . 1 6  
8 . 6 2 
9 , 0 1 
9 . 64 
5 ,  1 7 
5 . 32 
6 . 50 
6 . 00  





1 0  
J27 , 4 
533 , 8 
J22 . 0 
5 1 7 , 0° 
t .  86 
1 .  80 
1 . 66 
1 . 64 
1 .  55 
8 . R8 
1 0 . 1 1 
1 0 . 60 
1 1 , 1 7  
4 . 78 
5 , 63 
6 , 39 
6 . 8 3 
7 , 24 
48% aspen 
1 J% alfalfa 
1 0  
J27 . 4 
46 7 , 1  
)2 1 . lb 48J . 4  
1 ,  56C 
1 . 24 
1 ,  1 q. 
1 . 1 1 
. 9 . 6 7 
1 0 . 24 
1 0 . 25 
1 0 . 80 
6 . 26d 
8 . 24° 
9 . 0 10 
9 , 8 2 
48% aspen 
1 3% al falfa 
1 6% chi cken 
manure 
1 0  
�25 . 6  J l , 7  
321 . 5  
0 . 86 
0 . 69 
0 . 85 
0 . 84 
7 . 68 
8 . 96 
9 .  64 
1 0 . 45 
8 , 97C 
1 3 .  25 
1 1 . 44 
1 2 . 42 
aTreatment J ( c onc entrate-alfalfa ) and tr eatment 4 ( c onc entrate-aspen ) are c ompared  with c onc entrate 
c ontrol and treatment 5 ( 48% aspen- 1 3% alfalfa ) and treatment 6 ( 48% aspen- 1 6% chicken manure )  against 
alfalfa control , 
bAverage weight of five animals ( pen 6 ) . 
0 Signific antly better than alfa�fa c ontrol at the 5% level of probability .  
dSignificantly better than alfalfa c ontrol at  the 1% level of  porbabili ty .  
°' 
.{::" 
or type of roughage used. Suc h a response in performance 
has been noted in other feeding trials with 15% { El-Sabban, 
1971 ; Slyter and Kamstra, 1974) and upto JO% (Anthony 
et al. 1969 ; Satter et al. , 1973) wood or sawdust diluted 
c attle rations. In  contrast to these studies dec rease 
in performance has been reported by Kitts et al . (1968) 
when 15 to 20 percent hay was replac ed by sawdust in 
finishing rations. 
No difference was shown in rate of gain for animals 
fed roughage rations (treatments 1, 5 and 6) . I t  would 
appear that the addition of chic ken manure as a replac ement 
for soybean meal depressed gain but not signific antly so. 
The lower gains c ould have resulted from the lower total 
protein c ontent of this ration as c ompared t o  the other 
roughage rations rather than an effec t c aused by addition 
of manure protein. The feed efficienc y was better (P<(. 05) 
with the aspen-soybean ration (treatment 5) than the 
alfalfa control for 126 days and was also favored after 
18 2  days (table 19). The animals in treatment 5 did better 
for gain and feed effic iency during the first month than 
during the later part of the experiment. 
At 126 days, steers on treatments 2 ,  J and 4 had 
reached or exceeded 500 kg slaughter weight as imposed by 
experimental design. The animals from treatment 5 averaged 
484 kg at 126 days and were within 16 kg of the desired 
500 kg slaughter weight as imposed by experimental design. 
TABLE 1 9 . FEEDLOT PERFORMANCE AS AFFECTED BY DIFFERENT 
RATI ONS-- 1 8 2  DAYS--FOR ALFALFA 
CONTROL AND TREATMENTS 5 ( LOT 5 )  AND 6 




Number of animals 1 0  
Avg . initi al filled  wt . ,  kg 327. 4 
Avg . fina� filled , wt . ,  kg 494 . 8 
Avg . initial shrunk wt . , kg 325 . 2  
Avg. final shrunk wt . , kg 478. 0 
Avg . daily gain , kg 
1 54 days 0. 96 
1 82  days 0. 92  
1 82  days ( shrunk ) o . 86 
Avg .  daily rati on , kg 
1 3 . 6.5 1 54 days 
1 82  days 1 4. 1 3 
Feed/kg gain , kg 
1 4 . 2.5 1 54 days 
1 8 2  days 1 .5  • .50 




1 3% alfalfa 
.5 
32 7 . 4 
472 . 1 
J21 . 1  
46 J . .5 
0 . 85 
0 . 8 0 
0. 78 
1 0. 34 
1 0. 49· 
1 2 ,  1J 
1 3 , 1 7  
1 3 . 43 
48% aspen 
1 3% alfal fa 
16% chicken 
manure 
1 0  
32.5. 6 a 442 . 2 
32 1 , .5a 434 . 9 
0 . 76 
o .  6 4  
o .  6 2  
1 0 . 97 
1 1 . 3 1 
1 4 , .5.5 
1 7 , 7 7  
1 8. 3 2 
aSignificantly l oweL· than alfalfa c ontr ol at the 1% level of pr obabil ity .  °' 
°' 
This group of five animals was also slaughtered at 126 
days to enable comparison of carcass characteristics 
between high-concentrate fed animals and high-roughage fed 
animals at similar slaughter weights and length of feeding. 
Of special interest was a comparison of the taste panel 
scores between concentrate and ro ughage fed animals. 
Carcass Data 
Carcass data and taste panel evaluation for the 35 
animals slaughtered after 126 days and the 25 animals 
slaughtered after the 182-day growing period are shown in 
table 20  and 2 1, respectively. Slaughtering half of the 
cattle fed the 48% aspen- 32% soybean meal ration (treatment 5 )  
at each date enabled a comparis on of slaughter data of 
cattle fed the highest aspen ratio n with both concentrates 
and roughages by taste panel. Animals from all treatment 
groups showed carcass grades within the range of standard to 
choice minus. Dressing percent was lower for the anima�s 
fed rations containing aspen than those fed the alfalfa 
control .  Animals fed the roughage control ration had more 
kidney fat than those fed the aspen rations (treatment 5 
and 6) but was not significantly different. N0 significant 
differences were noted between marbling scores, dressing 
percent, ri b eye area, color, maturity, flavor, juiciness, 
drip loss or volatile gas loss . As . could be expected, 
TABLE 20 . CARCASS CHARACTERI STIC S AND TASTE 
PANEL EVALUATI ON AS AFFE'C TED 
Hot carcass wt. , kg 
Dressing, % 
C arcass grade 
Marbling score 
Abscessed livers 
Number of livers condemned 








aFive animals only . 
BY DIFFERENT RATIONS- - 1 26 DAYS 




C oncen- trate 
trate 1.5% alfalfa 
317 . 8 314.8 
.59 . 5  59 . 6 
choice - good + 
4. 7 4 . 3 
4 4 
3 2 
73 . .5 78. 1 
24 24 
5. 1 5 . 1 
4. 7 4. 4 
3.0 2. 8 
3.9 3. 7  
3 , 0 J.1 





311 . 7  











2 . 9 
3.7  
bscored on a scale of 1 -�o 8 with lower values being more desirable. 
.5a 
48% aspen 
·. 1 3% alfalfa 
247.8 







1 . 6 
2 . 7  





TABLE 21 . CARCASS CHARACTERISTICS AND TASTE 
PANEL EVALUATION AS AFFECTED 
BY DIFFERENT RATIONS-- 1 82 DAYS 
( EXPERIMENT 2 ) 





Number of livers condemned 




Kidney fat, % 




aTen animals . 




268 . 1 
54 . 1 7 
good -
3 . 6  
2 
2 
6.5 . 6  
23 . 7  
5 
6 
1 . 9 
3 . 7  
3 . 2  







2.50 . 5 
53 . 08 
good -
3 . 8  
66 . 7  
24 . o  
5 
6 
1 . 6 
2 . 6d 
2 . 9 
3 . 5 
6a 
48% aspen 
1 3% alfalfa 
1 6% chicken 
manure 
228 . 7 
.5 1 . 74 
standard 
3. 1  
67 . 0  
23 . 8  
4 . 8 
.5 .  8 
1 . 4 
3 . 6  
3 . 0  
4 . 0 
0 scored on a scale of 1 to 8 wi th lower values being 
more desirable . 
dSignifi cantly better than alfalfa control at the 5% 
level of probability. 
t he number of abscessed livers condemned was higher for 
animals on concentrate rations. 
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Steaks from animals fed ration 5 had less cooking 
losses than the steaks of animals fed either the corn or 
alfalfa ration (table 22) . Steaks from the ration 5 group 
were more tender than the meat from animals fed the 
alfalfa ration ( P <. 05) . Mechanical shear also confirmed 
that the steaks from animals fed ration 5 were more tender 
than steaks from animals fed either the corn or alfalfa 
rations (table 22) . Percent cooking iosses were lower 
for meat from animals on ration 5 as compared t o  the 
steaks produced on the other rations . 
Since increasing numbers of forage fed cattle are 
being marketed for slaughter, a number of studies have 
been done to compare grass-fed and concentrate fed cattle 
for carcass characteristics of eating qualities. Whealing 
et al. ( 1975) reported no difference in flavor, juiciness 
and overall satisfaction scores between forage-fed and 
grain-fed cattle. However, forage-fed beef was signifi­
cantly more tender and required less shear force. Whealing 
et al. further explained that the carcass maturity 
indicat ors (degree of cartilage ossificati on and lean 
color and texture) were more youthful in forage-fed beef 
which may be responsible for the tenderness of beef 
produced on forage. A comparison of steers fed to a 
constant weight ( 450 kg) on an alfalfa hay and corn diet has 
TABLE 22 . SHEAR TEST AND PERCENT VOLATILE GAS AND C OOKING LOSSES 
126 AND 1 8 2  DAYS 
( EXPERIMENT 2) 
Treatment 
1 2 3 4 ' 5 
C oncen- C oncen- · 48% 
C ontrol trate trate aspen 
93% C oncen- 1 5% 1 5% 1 3% 
alfalfa trate alfalfa aspen alfalfa 
Volatile gas l oss , % 2.5 . 1 22 . 4  24 . 6  22 . 0 20 . J  
Cooking loss , % 29 . 6  27 . 1 28 . 4  26 . 4 2.5 . 1  




1 3% alfalfa 
1 6% chicken 
manure 
2 2 . 7  
29. 4 
6 • .5 
-...J 
� 
been made by Oltjen et al. in 1971 . Although grain- fed 
steers had a higher quality grade and better dressing 
percent, both treatments graded choice. Taste panel 
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data revealed that the forage-fed steers were more tender, 
flavorful and more desirable than the grain-fed steers. 
Milligan (1974) discusses the effect of feeding aspen on 
meat quality . He points out that very few ingredients 
affect meat quality in ruminant animals. Rumen 
microorganisms degrade most feed ingredients to their 
simplest components, then resynthesize them so that the 
nutrients from feed ingredients entering the blood stream 
are relatively constant regardless of diet. Fats not 
degraded by microogranisms are an exception. 
Economics of Rations 
Costs per kg ration and per kg gain are given in 
table 23 , considering the local prices of ingredients at 
the time of the experiment. The alfalfa ration was more 
costly in terms of dollars required per kg of gain. 
However, the present day cost at current prices would be 
0 . 74, 0. 56 ,  0 . 56 ,  0. 68, 1. 03 and 1. 01  dollars per kg gain 
f'or rations 1, 2, 3, 4, 5 and 6, respectively. 
EXPERIMENT 3 
Animal Performance 
The animals in all groups remained in average winter 
condition. All rations were consumed readily, except some 
TABLE 23 . COST OF RATION AND PER KG GAIN 
(EXPERIMENT 2 )  
Ration 
(control - alfalfa) 
(cone . - corn) 
(cone . - alfalfa) 
(cone . - aspen) 
5 
( 48%  aspen - SBM) 




12 . 43 
6 . 00 
6 . 83 
12 . 42 
C ost/kg 
ration 
0 . 115 
0.139 
0 . 130  
0 . 106 




1 .  43 
0 .83 
0.89 
1 . 04 
1 . 04 
difficulty was encountered with the silage ration early in 
the feeding trial . Animals did sort and refuse the larger 
aspen chips . Although quality analyses of the silage 
indicated normal fermentation (temperature 31 ° C and an 
average pH of 5. 2 ), animals on silage did not consume 
as much dry matter as animals on hay or pellet rations 
during the early part of the trial . 
Normal animal losses occurred in all treatments. 
Hardware disease was suggested as a cause for three of the 
losses on aspen silage . Post mortem examination revealed 
no hardware to be present even though the lesions sug­
gested hardware disease . In  a similar study conducted by 
Milligan (1974) one ewe consuming aspen fiber died due to 
an abscess in the esophagus that ruptured. Although, the 
abscess may have been caused by the wood, it was not 
apparent from the post mortem . 
I n  order to get higher consumption of silage, asper 
should be ground, preferably through one cm screen (2 cm 
and 2. 5 cm combination was used in the present study) for 
_making silage. Goodrich et al . ,  (1977) recommended that, - -
for better performance and improved intakes of coarse 
roughage like aspen, bark should be finely ground, even 
for silage. 
The pelleted ration was so well accepted by the 
animals that they would consume more than the 11. 3 kg per 
head per day, if' offered . Animals on this ration were 
subsequently restricted to a consumption of 8. J kg to 
eliminate a possibility of alfalfa bloat and to prevent 
excess weight gain which might cause calving difficulty. 
Feed intake per cow per day was estimated to be 9.7, 9.3 
and 9. 2 kg for control, pellet and silage groups, 
. respectively. 
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By the end of the experiment all animals lost weight 
and condition on all rations (table 24). The decrease in 
body weight was higher (P<. 05) for animals on the silage 
group, . and the condition score was lower (P<. 05) for both 
the pellet and silage fed animals as compared to the 
animals fed hay. Loss in weight and condition on the 
silage ration could have resulted from lower consumption, 
while the loss of condition on the pellet ration might be 
attributed to the restricted feed intake and no protein 
supplementation. In a study conducted by Milligan (1974 ) ,  
pregnant ewes were wintered successfully on a ration 
containing 75% energy through aspen fiber. Ewes lost 
about .5 kg weight during a two month period. 
Performance of young and old animals is given in 
table 25. Older animals fared better through the wintering 
period than younger animals on the pellet group. However, 
the younger animals fared better with other groups. It 
is interesting to note that the older animals ( above 5 
years) lost more weight than the younger animals (P<. 01) . 
TABLE 24. CHANGE IN  WEI GHT AND CONDITION SC ORE  OF 
c ows AS AFFECTED BY DIFFERENT RATIONsa 
(EXPERIMENT J) 
I tem 
Number of animals 
Avg . initial wt. , kg 
Avg. final wt . , kg 
Change in wt., kg 
Avg . initial 
condition score 
Avg . final 
condition score 
C hange in 
condition score 





-J6 . 4 
.5 .  2 
4 . 9  
-0 . J  
Treatments 
( 2 ) ( J) 
Pellet Silage 
64 .58 
467 . 4  463 . 4 
426 . 6 4 11 . 6 
-40. 8 -_51 . 8* 
5 · 3 5 . 2 
4 . 6  4. 5 
- 0 . 7* - 0 . ?* 
aScored on a scale of 1 to 10 with higher values 
being in better condition. 
*Significant (P . 05 ); within row . 
TABLE 25 , PERFORMANCE OF YOUNG AND OLD ANIMALS ON DIFFERENT RATI ONS 
( EXPERIMENT 3 )  
1 2 3 
C ontrol P ellet Silage 
old6 old t5 younga: ol ct 0 younga younga 
Initial wt . , kg I 439 . 8 493 . 0  444 . o 490 . 8 435 . 6  490 . 9  
Final wt . , kg 411 . 1 448 . 9 403 . 5  449 . 8  389 . 5  433 . 3  
Change in wt . , kg - 28 . 7 -44 . 1 -40 . 5 - 41 . 0 -46 . 1 -57 . 6  
Initial c onditi on sc or e  5 . 1  5 . 4 5.2 
J -
5 5 . 0 5 . 4 
Final c onditi on sc ore  4 . 8  5.1 4 . 3 ,9 4 . 2 4 . 5  
Change in c onditi on sc ore -0 . 3 -0 . 3 -0 . 9  -0 . 6 -0 . 8 -0 . 9 
Number of bred  c ows 28 23 26 28 24 25 
Number of open c ows 9 5 4 6 5 4 
Open c ows , % 24 . 3 17.9 13 . 3 1 7 . 6 17 . 2  13 . 8  
Birth wt . of calves ,  kg 35 . 8 34,3 34 . J J4 . 6  33 . 6 33 . 8 
Weaning wt . of c alves ,  kg 1 68 . 3  1 63 . 9  1 71 . 7 1 79 .5 164 . 9  168 . 7  
Increase in wt . , kg 132 . 5  129 . 6  13 7 . 4 144 . 9 131 , J  134.9 
a 2 to 5 year s . 
b 6 to 13 year s . 
c Sc ored on a scale  of 1 to 10 with higher values being in better c onditi on. 
""1 
""" 
However, no difference was observed in the condition 
score between the age groups. 
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Normal healthy calves were born in each group. There 
was no significant difference in birth weights or weaning 
weights among the animals fed the hay, pellet or silage 
rations ( table 26 ). On an average, cow and calf losses 
were 3 . 5% and 0 . 5%, respectively, as compared to 1% and 
10% observed during the previous years at this ranch under 
normal conditions. Some of the cow losses can be attri­
b uted to difficulty during parturition with loss of both 
cow and calf and als o greater animal movement because of 
drought. Considering the local prices of ingredients 
at the time of the experiment, the cost of rations was 
$1 . 10,  $0.78 , and $0. 84 per head per day for the animals 
fed the control, pelleted _and silage rations, �espectively. 
At current prices, the cost would be 0.57 , o . 40 and 0 . 69 
dollars/animal/day. 
Breeding performance of the cows is shovm in table 27. 
Although the number of open cows was 6% higher with the 
control group as compared to the wood rations, the 
difference was not statistically significant. On the hay 
and s�lage group, the percent of open cows was greater in 
the younger animals as compared to the older animals. 
The results of this trial indicate that over a period 
of 25 weeks of continuous feeding, no har _ ul effects of 
feeding aspen wood were observed even at the 88 . 5% level 
TABLE 26 . BIRTH WEIGHTS AND WEANING WEIGHTS OF 
C ALVES AS AFFE'CTED BY DIFFERENT RATION S 
(EXPERIMENT J) 
Treatments 
( 1)  ( 2) 
I tem Control P ellet 
Birth wt. , kg 35. 1 34. 5 
Weaning wt. , kg 166. 1 175.6 
Increase in wt. , kg 131. 0 141.1  
TABLE 27 . BREEDING PERFORMANCE OF C OWS 
AS AFFECTED BY DIFFERENT RATION S  
(EXPERIMENT J) 
Treatments 
( 1 )  { 2 )  
I tem Control Pellet 
Number of animals 65 64 
Number of bred cows 5 1 54 
Number of open cows 14 1 0 
Open cows, % 21 . 5 15. 6  
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15 . 5 
8 0  
when precautions were taken to increase protein and energy 
intakes when necessary. It  would, therefore, appear that 
aspen could constitute a major portion of the ration of 
wintering stock cows, if properly supplemented for its 
defi ciencies. Similar conclusions have been drawn by 
Robertson et al. (1971) for feeding aspen wood in main­
tenance rations of mature beef cattle. They · reported that 
poplar s ilag� could comprise at least 5 0  percent of the 
total ration on a dry matter bas i s  provided that protein, 





Three separate experiments were conducted with a 
primary objective to determine the value of aspen material 
as a component of growing, finishing and wintering rations. 
The following general conclusions were made on the basis 
of results obtained. 
1 .  I n  experiment 1 ,  aspen wood material and soybean 
meal in a ration at a 60: 40 ratio resulted in faster rates 
of gain and required less feed/kg gain. Aspen steaks from 
both the growing and finishing phase, were rated quite 
similar by the taste panel, both being acceptable with no 
off flavor. The results show, in general, that aspen and 
soybean mixtures were a satisfactory substitution for up to 
80 percent of the alfalfa in the control ration. NEm and 
NEg per kg of aspen were found to be 1 . 53 and 0. 48 Me al, 
respectively. 
2.  In experiment 2, two of' the rations ( 93 %  alfal1 a 
and 48% aspen-32% soybean meal) that had been fed in 
experiment 1 as pellets were used again as meal rations in 
experiment 2 .  There were no differences in performance 
exc ept for depressed intake of the meal diets. The animals 
fed the alfalfa ration performed better when the ration 
was presented as a meal. Roughage addition or type of 
roughage did not affect the performance of concentrate- fed 
animals or appreciably alter carcass characteristics. 
8 2  
Feedlot performance was poorer for chicken manure-fed 
animals as compared to those fed the alfalfa ration which 
served as a control for the roughage type rations in 
experiment 2. Steaks from animals fed the 48% aspen-soybean 
meal ration had lower c ooking losses and were more tender 
(P<. 05) than steaks from animals fed alfalfa. I t  would 
appear that steaks produced on the 48% aspen-soybean meal 
ration also resulted in lower cooking losses and were more 
tender than steaks from animals fed the corn diet 
( treatment 2) . 
J .  I n  experiment 3, cows lost 7. 4%, 8 . 8% and 11% of 
their initial weight on the hay, pellet and aspen silage 
rations , respectively. Cows also lost condition by 0. 2 
and 0. 7 condition score units on hay and wood rations, 
respectively. Normal healthy calves were born to each 
group with no difference in birth or weaning weights 
between animals fed wood or hay. Aspen wood feeding di0 
not increase the number of open cows the following 
breeding s eason. 
4 .  I t  would appear that aspen wood could serve as a 
major ration component in growing and wintering rations 
and as the roughage component of finishing rations. Aspen 
must be properly supplemented to correct nutrient 
deficiencies such as protein, vitamin A and phosphorus. 
5 .  The economic importance of utilizing aspen will 
depend on several factors, such as the market price of 
BJ 
traditional feeds, the cost of harvesting and transporting 
aspen from its source and the cost of supplementation of 
aspen material to correct nutritional deficiencies. 
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